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Ilpo Pietilä. Delivery, outcome, and costs of orthodontic care in Finnish health centres. 
Department of Public Health Dentistry, and Department of Oral Development and 
Orthodontics, Institute of Dentistry, University of Turku. Annales Universitatis 
Turkuensis. Sarja-Ser D Medica-Odontologica Osa-Tom 920, ISSN 0355-9483, ISBN 
978-951-29-4394-4 
The goal of the study was to analyse orthodontic care in Finnish health centres with 
special reference to the delivery, outcome and costs of treatment. Public orthodontic 
care was studied by two questionnaires sent to the chief dental officers of all health 
centres (n = 276) and to all specialist orthodontists in Finland (n = 146). The large 
regional variation was mentioned by the orthodontists as the most important factor 
requiring improvement. 
Orthodontic practices and outcome were studied in eight Finnish municipal health 
centres representing early and late timing of treatment. A random sample of 16- and 
18-year-olds (n = 1109) living in these municipalities was examined for acceptability 
of occlusion with the Occlusal Morphology and Function Index (OMFI). In 
acceptability of occlusion, only minor differences were found between the two timing 
groups. The percentage of subjects with acceptable morphology was higher among 
untreated than among treated adolescents. The costs of orthodontic care were estimated 
among the adolescents with a treatment history. The mean appliance costs were higher 
in the late, and the mean visit costs higher in the early timing group. The cost-
effectiveness of orthodontic services differed among the health centres, but was almost 
equal in the two timing groups.  
National guidelines and delegation of orthodontic tasks were suggested as the tools for 
reducing the variation among the health centres. In the eight health centres, 
considerable variation was found in acceptability of occlusion and in cost-effectiveness 
of services.  The cost-effectiveness was not directly connected with the timing of 
treatment.  
Key words: public orthodontic care, timing of treatment, orthodontics, acceptability of 






Ilpo Pietilä. Terveyskeskusten oikomishoitotoiminta sekä sen tulokset ja kustannukset. 
Sosiaalihammaslääketieteen oppiaine ja Hampaiston kehitys- ja oikomisopin oppiaine, 
Hammaslääketieteen laitos, Turun yliopisto. Annales Universitatis Turkuensis. Sarja-Ser 
D Medica-Odontologica Osa-Tom 920, ISSN 0355-9483, ISBN 978-951-29-4394-4 
Tutkimuksen tavoitteena oli arvioida Suomen terveyskeskuksissa järjestettävää 
oikomishoitoa: erityisesti hoidon ajoitusta, hoitotulosten hyväksyttävyyttä ja 
hoitotoiminnan kustannuksia. Terveyskeskusten oikomishoitojärjestelyjä tutkittiin 
kahden kyselyn avulla. Terveyskeskusten hammashuollon johdolle (n = 276) suunnattu 
kysely kartoitti vuonna 2001 järjestettyä oikomishoitoa. Oikomishoidossa olevien 0-
18-vuotiaiden osuus vaihteli 2 – 43% välillä eri terveyskeskuksissa. Kaikille 
työikäisille hampaiston oikomishoidon erikoishammaslääkäreille (n = 146) suunnattu 
kysely kartoitti heidän mielipiteitään terveyskeskusten oikomishoidon järjestelyistä 
sekä hoidon indikaatioista ja ajoituksesta. Erikoishammaslääkärit mainitsivat 
suurimmaksi ongelmaksi terveyskeskusten välisen vaihtelun oikomishoitoon pääsyssä 
ja hoidon järjestelyissä. 
Oikomishoitokäytäntöjä arvioitiin tarkemmin vuosina 2003-2005 kahdeksassa 
terveyskeskuksessa, joista kolme sovelsi varhaista ja viisi myöhäisempää hoidon 
ajoitusta. Satunnainen otos terveyskeskusten alueilla asuvista 16- ja 18-vuotiaiden 
nuorten ikäluokista (n = 1109) tutkittiin ja heidän purentansa hyväksyttävyys arvioitiin 
OMF-indeksin avulla. Nuorten purennan hyväksyttävyys ei eronnut merkittävästi 
varhais- ja myöhäishoitoa soveltavien terveyskeskusten välillä. Niiden nuorten osuus, 
joilla oli hyväksyttävä purenta, oli kuitenkin hieman suurempi varhaishoitoa 
soveltaneissa terveyskeskuksissa. Molemmissa ajoitusryhmissä hyväksyttävä purenta 
oli harvemmalla oikomishoitoa saaneella nuorella verrattuna nuoriin, jotka eivät olleet 
saneet oikomishoitoa lainkaan. Hoidon kustannuksia tarkasteltiin kahdeksassa 
terveyskeskuksessa potilasasiakirjoista kerätyn hoitotiedon avulla. Keskimääräiset 
kojekustannukset olivat korkeammat myöhäisen ajoituksen ryhmässä ja keskimääräiset 
käyntikustannukset korkeammat varhaisryhmässä. Ryhmien sisällä vaihtelu oli suurta 
sekä kustannusten että kustannus-hyötysuhteen osalta, vaikka kustannus-
hyötysuhteessa ei havaittu ajoitusryhmien välisiä eroja. 
Hoidon laajuus oli kasvanut 1990-luvun alkuun verrattuna, mutta laajuudessa havaitut 
yli 20-kertaiset erot olivat ennallaan. Erojen vähentämiseksi erikoishammaslääkärit 
ehdottivat kansallisia ohjeita ja laajempaa oikomishoidon työnjakoa. Hyväksyttyjen 
purentojen osuus sekä hoidon kustannus-hyötysuhde vaihtelivat kahdeksassa 
tutkimusterveyskeskuksessa. Oikomishoidon kustannus-hyötysuhde ei kuitenkaan 
näyttänyt olevan yhteydessä hoidon ajoitukseen.      
Avainsanat: kunnallinen oikomishoito, oikomishoidon ajoitus, purennan 
hyväksyttävyys, oikomishoidon tulos, hoidon kustannukset, kustannus-hyötysuhde 
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1. INTRODUCTION  
Equality in access to treatment is one of the key objectives in the provision of public 
health services in Finland (Ministry of Social Affairs and Health, 1989). Public 
orthodontic treatment is offered, free-of-charge to children and adolescents up to the 
age of 18 years. Even though public dental health care is partly financed by the 
government, the independence of communities in the organization and provision of 
services is supreme (Widström et al., 2005). Consequently, different policies in the 
arrangement and allocation of local health care resources lead to variation in access to 
services and treatment outcome. Moreover, the wide variation arouses apprehension 
about whether there is a risk of unnecessary or insufficient delivery of orthodontic 
services. 
A wide variation has been found in the provision of orthodontic care in Finnish health 
centres; both the volume of services and treatment modalities vary even in 
neighbouring health centres (Pietilä et al., 1997). Generally, in the public dental 
service, the initiation of orthodontic treatment is most often made by professionals 
(Shaw et al., 1979; Pietilä and Pietilä, 1994; Bergström, 1996).  In Finland, the first 
guidelines for the prioritization of orthodontic treatment were published in 1988 
(Finnish Medical Board).  Further, in 2005, the compilation of uniform grounds for 
access to non-emergency health care including oral health was undertaken by the 
Ministry of Social Affairs and Health. In orthodontic care, the guidelines aimed to steer 
the allocation of public health services, in order to ascertain that children with similar 
malocclusion should have equal access to treatment.  
The availability of professional resources, a sufficient number of specialist 
orthodontists, dentists and ancillary personnel is an important prerequisite for the 
provision of orthodontic treatment. An equally important prerequisite for efficient 
treatment provision is sufficient professional knowledge and skills. However, despite 
the uniform education and training of professionals, there is generally a wide variation 
in all treatment decisions (Luke et al., 1998). In orthodontics, the variation can be 
expected, e.g. in the assessment of treatment need, in opinions on the feasibility of 
treatment, or the consequences of non-treatment, the optimal timing of treatment, and 
the selection and use of appliances. The economic depression in Finland in the 1990s, 
and the changing focus in public dental health care towards increasing adults’ dental 
services, may have reduced orthodontic resources. 
As regards the outcome of orthodontic treatment, the assessment usually covers mainly 
the quality of treatment results. The assessment of publicly funded orthodontic care 
should take place at population level and evaluate whole age cohorts, including 
children with and without a treatment history (Fernandes et al., 1999; Cadman et al., 
2002). Crucial questions need to be answered; are the resources directed to the children 
most in need of treatment, do all treated children benefit from their treatment, and are 
the applied measures optimal as to outcome and costs?  
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2. REVIEW OF THE LITERATURE  
2.1. Orthodontics in the public health context  
Orthodontic treatment is an important part of modern oral health care for children and 
adolescents. The status of orthodontic care varies considerably in different countries, 
and several western welfare states have made arrangements for remunerating the costs 
of orthodontic treatment. In the case of third-party financing, orthodontic treatment is 
generally remunerated only if there is a risk of physical and/or psychosocial disorders. 
In this process, the professional acts as a goal-keeper determining who is entitled to be 
treated (ter Heege, 1997). 
In dentistry, the benefit of treatment is most often regarded as the improvement on a 
biological level (Petersen, 2007). However, in orthodontics, the sociological and 
psychosocial aspects should also be emphasized (Jenny, 1975; Helm, 1990). According 
to current opinion, malocclusions only seldom seriously threaten oral health or the 
longevity of dentition. The greatest benefit from orthodontic treatment is seen as a 
better self-esteem and quality of life (Shaw and Turbill, 2007).  
In orthodontic care, family support is needed both in the initiation of treatment and 
during the treatment process. Socio-economic differences, which lead to polarization in 
the manifestation of oral diseases, appear in orthodontics as unequal possibilities to 
carry out the treatment process (Turbill et al., 2003). However, it is important that the 
selection for orthodontic treatment is as objective and equitable as possible, and that 
the needs of patients and parents are met on an individual basis. The merely normative 
and professionally-based assessment of treatment need has been criticized (Sheiham 
and Tsakos, 2007). According to Prahl-Andersen (1978), orthodontists, patients, and 
lay people interpret malocclusions differently. Above all, the assessment of treatment 
need should include comprehensive risk-benefit evaluation, and the patients and 
parents should be involved in and informed about this evaluation (Shaw and Turbill, 
2007).  
Stenvik (1997) stresses the dual perspective in the assessment of orthodontic treatment 
need; need both on the individual and population level. On the individual level, the 
psychosocial aspects should be considered, because a similar deviation does not always 
appear as the same treatment demand. On the population level, professionals have to 
outline the goal of orthodontic services and disclose necessary norms and health 
objectives. Further, they have to adapt the decisions to the available work force and 
financial resources and to ascertain justified resource allocation (Linge, 1987; Pietilä et 
al., 1992).  
2.2. Public orthodontic services in the Nordic countries 
In the Nordic countries, orthodontic care for children and adolescents is financed, 
remunerated or supported by the society. In Denmark, Finland and Sweden, the public 
Review of the Literature 
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services play a major role in children’s orthodontic care. In Norway, the great majority 
of orthodontists work in the private sector, and orthodontic treatments are remunerated 
by public funding according to the severity of the child’s malocclusion. In Iceland, the 
public dental clinics were closed in 2002, but the national health insurance supports 
orthodontic treatment by a fixed subsidy (Widström et al., 2005).  
 In Norway, all orthodontic treatments are given by specialists, while in Sweden and 
Denmark general dentists are involved in the treatment of every fifth, and in Finland of 
almost half of the cases. The ratio of orthodontist to population is almost equal in 
Sweden (1:31 000) and in Finland (1:32 700), while it is slightly lower in Denmark 
(1:34 700), and higher in Norway (1:25 000) (Stenvik and Torbjørnsen, 2007).  
In all Nordic countries, the authorities have wanted to regulate the access to 
orthodontic treatment. In Sweden, the first recommendations were published already in 
1967 (Socialstyrelsen, 1967), but so far no official guidelines exist. Still in the late 
1990s, 55% of public orthodontic clinics applied the recommendations given in 1967 
(Enberg et al., 1999).  In Norway, the governmental remuneration is combined with the 
national treatment need index, the NOTI (Espeland et al., 1992). In Denmark, 
orthodontic screening has been guided by national priority guidelines (Solow, 1995), 
updated in 2007. In Finland, the first recommendations for prioritization of orthodontic 
treatment were given in 1988 (Finnish Medical Board, 1988). 
Comparison of the volume of orthodontic services in different countries is hampered 
by several factors. In general, the organization of services, private or public funding, 
involvement of insurances, and cultural aspects vary considerably between countries. 
In the Nordic countries with rather similar circumstances, the main problem in the 
comparisons is the differing ways of calculating the extent of care. Even though the 
neighbouring countries Finland and Sweden have a rather similar organization of 
services (Bergström, 1996; Pietilä, 1998), the national tradition for measuring the 
extent of orthodontic services differs considerably. The regional variation is high in 
both countries, probably higher in Finland than in Sweden (Pietilä et al., 1997; SBU, 
2005). In this respect, orthodontic treatment is no exception among health services. A 
regional variation has also been described both in children’s general health status 
(Gissler et al., 2000) and in medical and dental treatments (Keskimäki et al., 1994; 
Balogh et al., 2004; O’Brien et al., 1989). According to Wennberg (1986), the wide 
regional variation encourages the discussion on the appropriate volume of services.   
2.3. Orthodontic services in Finnish health centres  
After 1956, the Finnish communities were obligated by law to organize dental 
treatment for children in primary schools (Kalijärvi, 1958). At that time, orthodontic 
treatment was given only rarely, mainly in the largest cities. In 1972, the Primary 
Health Care Act was introduced and the municipalities established health centres to 
provide primary health care. Dental treatment for children and adolescents became 
systematic and more comprehensive, and health promotion and the preventive 
approach were introduced on a national level. Orthodontic services, free-of-charge for 
children and adolescents up to the age of 18 years, were also included in municipal 
Review of the Literature 
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health services. However, during the first decades, the main focus in public oral health 
care was on the prevention and treatment of caries, while the governmental authorities 
tended to restrict the increase in the volume of orthodontic services.  
In 1988, the Finnish Medical Board recommended that orthodontic treatment should be 
limited to the most severe cases and priority was given to functionally disturbing 
malocclusions. As a part of the recommendations, the Finnish Medical Board 
published a 10-grade scale for assessment of orthodontic treatment need (Heikinheimo, 
1989). The scale was a modification of the Treatment Priority Index (TPI) (Grainger, 
1967), and it ranked the indications for orthodontic treatment according to the severity 
of the deviation, with the emphasis on functionally disturbing occlusal deviations. In 
2001, this 10-grade scale was used in 53% of health centres (Pietilä et al., 2004). 
Since the early 1990s, the Finnish public health care has been guided more by 
governmental authorities’ recommendations than by direct regulations. In addition, the 
municipalities deliver health services according to their own priorities and financial 
capacity. According to the statement of the Parliamentary Ombudsman in 2003, 
orthodontic treatment given for health-related indications is an essential part of 
children’s general oral health care, and Finnish municipalities are responsible for 
organizing the services. However, the orthodontic services have to compete for 
resources within the dental care of the municipality. 
In the1990s, every fourth dental visit of children and adolescents to the health centres 
was connected with orthodontic treatment (Nordblad et al., 2004).  However, the focus 
in public dental health care was gradually changing, and since 2002, dental care for 
adults of all ages has become a part of the services.  Despite this development, it was 
generally accepted that children’s dental services should not be endangered.   
 An earlier study revealed up to a twenty-fold difference among health centres in the 
percentage of children receiving orthodontic treatment in 1992, when the number of 0-
18-year-old children receiving orthodontic treatment ranged from 1% to 19%. The high 
percentage of children with treatment history was connected with an early starting age 
(Pietilä et al., 1997). Since 2005, the allocation of public health services, including 
orthodontic care, has been regulated by national guidelines for access to non-
emergency treatment. These guidelines state that children with similar malocclusion 
should have equal access to treatment. The 10-grade scale for assessment of 
orthodontic treatment need was also updated in connection with the compilation of the 
national guidelines (Ministry of Social Affairs and Health, 2005).  
2.4. Orthodontic work force 
The availability of orthodontic services is greatly influenced by the number and 
distribution of specialist manpower. In the other Nordic countries, the education of 
specialist orthodontists was started in the 1950s (Stenvik and Torbjørnsen, 2007). In 
Finland, the first specialist orthodontists were registered in 1975, and the first 
specialists graduated from a three-year full-time postgraduate programme in 1988. In 
the early 1990s, every fifth health centre employed an orthodontist, covering half of the 
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Finnish population. Most rural municipal health centres did not employ a full-time 
orthodontist, but the expertise was purchased from consultant orthodontists (Pietilä et 
al., 1997).  According to statistics of the Finnish Dental Association, there were 131 
actively working specialist orthodontists in Finland in 2005. Half of them worked in 
municipal health centres, one third mainly in the private sector, and every tenth at the 
universities. The availability of specialist expertise varied in different areas of the 
country, with the fewest specialists working in the northern and eastern part of the 
country. 
In 2003, sixteen of the twenty-one central hospital districts in Finland arranged 
complex orthodontic services by their own salaried orthodontist, while specialist 
orthodontic treatment was purchased as a commissioned service by ten of the districts. 
Surgical orthodontic treatment was included in the majority of the orthodontic 
treatments given by all but one of the clinics of oral and maxillofacial surgery of the 
central hospitals. Half of the central hospitals also offered orthodontic consultation 
services for the health centres of their own district (Tiainen et al., 2004). 
In Finnish municipal health centres, orthodontists and general dentists work together in 
the same organization, thus facilitating joint action and a flexible work division. The 
screening for orthodontic treatment is usually carried out by general dentists or dental 
hygienists, who refer a child with apparent treatment need to the orthodontist. In most 
cases, the orthodontist makes the diagnosis, draws up the treatment plan, and in the 
case of delegation to a general dentist, guides the treatment during the treatment 
process (Pietilä et al., 1992, 1997). Since the early 2000s, there has been a continuous 
lack of general dentists in Finland. This has restricted possibilities to delegate 
orthodontic treatments to general dentists.
 
The delegation of orthodontic tasks to ancillary personnel is a common practice in 
Europe, even though there is a wide variation between countries (Seeholzer et al., 
2000). In the United Kingdom, there has been a profound discussion on possibilities to 
improve the orthodontic work division (O’Brien and Shaw, 1988; Turner and Pinson, 
1993). Recently, a training programme for orthodontic teams including the training of 
orthodontic nurses was introduced in the UK (Cure and Ireland, 2008).  
In the Nordic countries, delegation is very widely applied; in Sweden systematic 
training of orthodontic assistants has been used to facilitate the division of work 
(Stenvik and Torbjørnsen, 2007). Presently, there is no official training of orthodontic 
assistants in Finland. However, the work division between specialist orthodontists and 
ancillary personnel is not restricted by the Finnish authorities. In fact, there is a general 
expectation that by delegating routine tasks to auxiliary personnel, the capacity of 
orthodontic services could be increased.  
2.5. Features of orthodontic treatment 
In orthodontics, the decision to treat a malocclusion is based on an elective choice, and 
there is an apparent inconsistency in the professionals’ views on the benefits and 
feasibility of orthodontic treatment (Shaw and Turbill, 2007). In addition, there are 
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differing opinions on the most appropriate timing of orthodontic treatment (Gianelly, 
1994; Yang and Kiyak, 1998; Jang et al., 2005). 
Intervention in the early mixed dentition is frequently recommended, for example, in 
the case of posterior crossbite or Class III relationship (Kennedy and Osepchook, 2005; 
Ngan, 2005). Subtelny (2000) suggests two main indications for early intervention; 
first, severe skeletal-related problems, which without treatment may develop into more 
characteristic skeletal malocclusions, and secondly, visible malocclusions, which may 
produce negative psychosocial sequelae.  
The definition of early orthodontic treatment differs according to treatment traditions. 
In recent studies evaluating early treatment, the starting age varies between 8 and 13 
years (Tulloch et al., 2004; Hsieh et al., 2005; Dolce et al., 2007). In Finland, only the 
orthodontic treatment given in the primary or early mixed dentition is generally 
regarded as early treatment. In the early 1990s, the average starting age for orthodontic 
treatment was 9.5 years (Pietilä et al. 1997). The most common indications for starting 
early orthodontic treatment in Finland are anterior and lateral crossbite, excess overjet, 
deep bite and crowding (Keski-Nisula et al., 2003; Väkiparta et al., 2005). Similar 
indications for starting the treatment in the early mixed dentition period have been 
reported in Germany by Tausche et al. (2004). Väkiparta et al. (2005) found a 
significant reduction in orthodontic treatment need from 8 to 12 years in a group of 
Finnish children treated systematically by early intervention. A considerable reduction 
in treatment need was also found in a Finnish study reporting treatment using an 
eruption guidance appliance during early mixed dentition. During treatment from the 
age of 5 to 8 years, it was found to be effective in the correction of Class II 
malocclusions, Class II tendency, and several other deviations (Keski-Nisula et al., 
2008a, 2008b). 
When orthodontists’ perceptions on treatment timing were studied in Italy, Turkey and 
the USA, the majority of orthodontists preferred to treat malocclusions, such as an 
anterior crossbite and severe arch constriction, early, during the primary or early mixed 
dentition (Kiyak et al., 2004). However, there were more obvious differences in the 
preferred timing of treatment of other occlusal or skeletal deviations, e.g. large overjet 
and severe crowding. 
As disadvantages of early intervention, a longer treatment time and a higher rate of 
premature termination of treatment have been mentioned (Proffit and Tulloch, 2002; 
Hsieh et al., 2005). Further, treatment in the late mixed dentition in the case of Class II 
division 1 malocclusions or in the permanent dentition in the case of crowding has 
been recommended (Ghafari et al., 1998; Gianelly, 1994). The treatment of Class II 
division 1 malocclusions in the permanent dentition has also been recommended for 
the better efficiency of treatment (von Bremen and Pancherz, 2002).  
In the USA, three clinical trials on the treatment timing of Class II division 1 
malocclusion showed that several dental and skeletal changes could be achieved by 
early intervention. However, at the end of the two-stage treatment, the differences 
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between the early and late treatment group had to a great extent levelled off (Ghafari et 
al., 1995; Keeling et al., 1998; Tulloch et al., 1998). These studies were unable to 
identify any factors which could predict which of the children would benefit from early 
intervention. Tulloch et al. (2004) concluded that the optimal timing for treatment of a 
Class II malocclusion remains controversial, and that the decision on treatment timing 
should be based on individual indications for each child.  
The choice of treatment methods reflects the educational tradition and professional 
preferences in each country. Traditionally, European orthodontists have shown a 
greater preference for functional appliances compared with their American colleagues 
(Graber, 1998), but increasing collaboration between professionals in different 
countries may have lessened the differences. In Finland, the possibility to screen whole 
age cohorts at a young age has contributed to the popularity of early intervention.  
In the early 1990s, the most frequently used appliances in Finnish health centres were 
quadhelix and headgear at seven years of age (Pietilä et al., 1997). Later, in the 1990s, 
the eruption guidance appliance became increasingly popular in the early mixed 
dentition (Keski-Nisula et al., 2008a). In the early 2000s, a quadhelix and headgear 
were among the three most frequently used appliances (Svedström-Oristo et al., 2003). 
Kirjavainen et al. (2000) and Pirttiniemi et al. (2005) have shown that headgear is 
effective both in the expansion of the maxillary arch and in the inhibition of forward 
displacement of the maxilla. Further, the eruption guidance appliance has proved to be 
successful in restoring normal occlusion and eliminating occlusal deviations (Keski-
Nisula et al., 2008b).  
A fixed appliance was found to be the most common appliance in the late mixed or 
permanent dentition, followed by headgear and activator (Pietilä et al., 1997). The 
finishing of treatment with fixed appliances in the permanent dentition has been 
recommended for a good and stable treatment result (Birkeland et al., 2000; Fox and 
Chapple, 2004). In the United Kingdom, practitioners with an orthodontic qualification 
tended to start treatment more often with fixed appliances. The age of the patient was 
associated with the choice of appliance, with fixed appliances being more common in 
the treatment of older patients. In the mixed dentition, the treatment was commonly 
carried out with removable or myofunctional appliances (Turbill et al., 1999). In 
Norway, the children treated with fixed appliances had better treatment outcome than 
those treated with removable appliances (Birkeland et al., 2000).  
2.6. Evaluation of orthodontic treatment outcome 
In publicly funded orthodontic care, where services are often organized on a population 
level, the evaluation of individual treatment outcome as such is important. However, 
this alone is not sufficient, and therefore whole age cohorts need to be assessed. Both 
children with and without a treatment history should be evaluated to find out whether 
the resources are targeted optimally as regards the needs of a whole age group 
(Fernandes et al., 1999). Resources are generally scarce and the competition for 
resources emphasizes the demand to find and treat the children who will benefit most 
from the orthodontic treatment (Cadman et al., 2002).   
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Traditionally, assessment of the treatment results has been the main approach when 
evaluating the outcome of orthodontic services. Several indices and procedures have 
been developed for the assessment of treatment outcome. The Peer Assessment Rating 
index (PAR) introduced by Richmond et al. in 1992 has been used in the assessment of 
the standard of treatment in Norway and Sweden (Birkeland et al., 1997; Berset et al., 
2002). In Finland, the index has also been used in the assessment of treated cohorts 
(Kerosuo et al., 2008; Krusinskiene et al., 2008). In the United Kingdom, the PAR has 
been used to evaluate treatment outcome in community-based services (Radnzic, 
1999). However, the PAR has been criticized because it does not include an evaluation 
of the function of occlusion (Kelly and Springate, 1996; Birkeland et al., 1997; 
Riedmann and Berg, 1999). Moreover, the assessment of the PAR is carried out using 
dental casts, which are seldom available when whole age groups including even 
untreated individuals are evaluated.  
In 2000, Daniels and Richmond published the Index of Complexity, Outcome and 
Need (ICON) for the assessment of orthodontic treatment need, complexity, and 
outcome. The index is based on the consensus of an international panel of 97 
orthodontists who gave subjective judgements on a sample of 240 initial and 98 treated 
study models. The index has been considered valid in the assessment of treatment 
need, complexity and outcome, but its validity in the assessment of the degree of 
improvement has been questioned (Firestone et al., 2002; Savastano et al., 2003).  
The Occlusal Morphology and Function Index (OMFI) has been developed in Finland 
to measure the acceptability of occlusion on the population level (Svedström-Oristo, 
2004). Svedström-Oristo et al. (2001) showed that a group of Finnish orthodontists 
regard a good function as the most important feature of acceptable occlusion compared 
to the morphology and appearance of dentition. The OMFI includes criteria to assess 
both the morphology and function of occlusion. In addition, it is suitable for the 
assessment of whole age groups and is based entirely on a direct clinical assessment 
(Svedström-Oristo et al., 2002). The OMFI has been found to successfully distinguish 
between the acceptable and unacceptable features of occlusion among treated and 
untreated adolescents (Svedström-Oristo et al., 2003). 
2.7. Economic aspects of orthodontic care 
In general, dental care in Finnish municipal health centres is financed by a combination 
of national and local taxation. In addition, adult patients pay fees for their treatment. 
Dental services including orthodontic treatment are free-of-charge up to the age of 18 
years, but usually by that age the treatment in the great majority of orthodontic patients 
has been completed. 
Economic evaluations of health services include studies with several different 
viewpoints. Cunningham and Hunt (2000) mention the three most useful questions 
which should be answered in the economic evaluation: 1) can the intervention work 
(efficacy of procedure), 2) does the intervention work (effectiveness of procedure), and 
3) is it reaching those who need it (availability of services)? Generally, economic 
evaluations have been expanded to cover health care, but have only seldom involved 
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orthodontics. Especially in publicly funded orthodontic care with third-party financing, 
the economic aspects should be given special attention.  
In Denmark, Sweden and Finland, orthodontic treatment for children and adolescents 
in public health care is free-of-charge.  In Norway, orthodontic treatment provided by 
private practitioners is subsidized by the state up to 100%, 75% or 40% of the costs 
according to the severity grade of the child’s malocclusion.  In Iceland, the national 
insurance company supports orthodontic treatment with a fixed subsidy (equal to EUR 
1750) per patient treated (Widström et al., 2005). 
The economic aspects of orthodontic treatment have been evaluated in only few 
studies. In a Finnish central hospital, 29% of the total costs of surgical-orthodontic care 
were caused by the orthodontic treatment (Panula et al., 2002). It was concluded that 
surgical-orthodontic treatment is an expensive way to correct dentofacial 
malocclusions because of the high costs of the surgical phase. Pietilä et al. (1998), who 
estimated the productivity of orthodontic care in Finnish health centres, found that 
savings might be obtained if treatments were devolved to specialist orthodontists or 
well-versed dentists, or if treatments were started early.  
Studies of the costs of orthodontic treatment have been published both on orthodontic 
treatment and orthodontics combined with surgical treatment (Severens et al., 1998; 
Cunningham and Hunt, 2000, Panula et al., 2002; Kumar et al., 2006). Variation in the 
surgical-orthodontic costs was explained by the differences in the difficulty and 
complexity of the procedure, differences in the clinical practices or in the efficacy of 
patient care (Kumar et al., 2006). 
The direct costs of orthodontic treatment consist of the salaries and material costs 
involved in treatment. In particular, duration of treatment and number of visits as such 
have their effect on the costs of orthodontic treatment. Salary costs are mainly 
connected with the level of education and seniority of manpower. On the other hand, 
the division of work has been recommended as a tool to reduce treatment costs. 
Delegation of orthodontic tasks to auxiliaries is widely permitted in Finland, compared 
with many European countries (Seeholzer et al., 2000). According to recent Finnish 
studies, the cost-efficiency of public dental services could be improved by increasing 
the use of dental auxiliaries (Linna et al., 2003; Widström et al., 2004).  
The duration of treatment and the number of visits are influenced by both the decisions 
and the skill of the provider and the personal characteristics of the patient. The severity 
of malocclusion and the complexity of treatment have an effect on the duration of 
treatment. Moreover, the provider’s choice of treatment methods and appliances also 
influences the burden on the patient caused by treatment and, consequently, 
cooperation during treatment (Skidmore et al., 2006).  
Only a few studies have been published discussing the cost-effectiveness of 
orthodontic treatment. Richmond et al. (2005) found that the cost-effectiveness of 
orthodontic care varied considerably within and between orthodontists, as well as in 
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different provider settings. They compared the cost-effectiveness among three groups 
of orthodontists in Wales; self-employed practitioners, and salaried orthodontists in 
hospital and in community clinics, and found that the least expensive way to deliver 
treatment was trough orthodontists in community clinics. Deans et al. (2009) 
concluded that the differences in the cost-effectiveness of treatment among orthodontic 
practitioners were largely explained by the cost level of the country. In their study, the 
cost-effectiveness of orthodontic care was evaluated in seven European countries by 
calculating the cost per ICON point reduction of orthodontic treatment need during the 
orthodontic treatment process.  
During economic depressions, the costs of publicly provided health care and 
prioritization of services are often hotly debated. According to Wennberg (1986), when 
attempting to control the rising costs, governments tend to interfere with the clinical 
decision-making, and at the same time they ignore the medical consequences of 
cutbacks. Therefore, it is important that evaluation of the costs and costs-effectiveness 
of health services are carried out to identify the best treatment modalities. The 
consequences of economic restraints on the public orthodontic services have been 
discussed in Denmark and in Sweden (Mavreas and Melsen, 1995; Linder-Aronson et 
al., 2002).  
2.8. Current challenges in Finnish orthodontic care  
Although orthodontic treatment is provided in all Finnish health centres, a wide 
variation has been found among health centres in many features of treatment provision 
and practices, such as the volume and timing of orthodontic treatment (Pietilä, 1998). 
Great variation in the volume of treatment results in an inequality in the access to 
treatment. It is hardly possible to draw explicit conclusions about the optimal volume 
of treatment (Helm, 1990), but, nevertheless, the consequences of and reasons for the 
variation need to be revealed. 
When comparing the timing of treatment in Nordic countries, early orthodontic 
treatment seemed to be commonly applied especially in Finland. Finnish studies on 
early treatment have shown that it is possible to achieve good treatment results by 
using early orthodontic intervention (Väkiparta et al., 2005; Kerosuo et al., 2008; 
Keski-Nisula et al., 2008b). However, the influence of timing on several other 
variables of treatment provision such as the duration, efficiency and costs of treatment 
needs to be studied. 
The weakened economic situation in Finnish municipalities and the growing shortage 
of dental professionals might threaten the provision of orthodontic services in the 
future. This also calls for a better knowledge of economically and clinically favourable 
treatment practices and efficient work division. The assessment of resource allocation 
and treatment practices should be carried out within the framework of an acceptable 
treatment outcome. 
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3. AIMS OF THE STUDY  
The goal of the study was to analyse the features of orthodontic treatment provision in 
Finnish health centres with special reference to the delivery, outcome and costs of 
treatment. 
The specific aims were: 
1) to examine orthodontic care in Finnish municipal health centres, and to assess the 
prevailing state and development during the past ten years (I) 
2) to analyse the variation in the views of Finnish orthodontists concerning the 
indications for orthodontic treatment, the timing of orthodontic assessment and 
treatment, and the treatment methods used (II)  
3) to compare differences in the indications, extent and duration of treatment, and in 
the choice of appliances in eight Finnish municipal health centres using early or late 
timing of treatment (III) 
4) to compare the acceptability of occlusion among orthodontically treated and 
untreated 16- and 18-year-old adolescents in eight Finnish municipal health centres 
applying early or late timing of treatment (IV) 
5) to analyse the costs and cost-effectiveness of orthodontic treatment in eight 
municipal health centres applying early or late timing of treatment (V) 
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4. SUBJECTS AND METHODS 
4.1. Subjects 
4.1.1. Professionals’ views on public orthodontic care in Finland (I, II) 
In April 2002, two different semi-structured questionnaires were sent out to survey the 
views on orthodontic care in Finland. A questionnaire was sent to all chief dental 
officers in 276 Finnish municipal health centres.  
Responses to the first questionnaire were received from 177 chief dental officers, and 
after a follow-up letter, from a further 30 respondents. The total response rate was 
76%. The non-responding chief dental officers worked mainly in small health centres 
with fewer than 10 000 inhabitants. Six non-responding chief dental officers worked in 
health centres with 10 000 – 20 000, another six with 20 000 – 50 000, and one with 
over 50 000 inhabitants.  
Another, different semi-structured questionnaire was sent to all 146 specialist 
orthodontists under 65 years of age living in Finland in 2001, regardless of their type of 
employment. The names and addresses of the orthodontists were obtained from the 
files of the Finnish Dental Society. Seventy-six per cent of orthodontists were female.  
The geographic distribution of the orthodontists was even, with the exception of the 
most northern area, the County of Lapland.  
The second questionnaire was returned by 83 orthodontists (57%). The response rate 
was 68%, when only the respondents and non-respondents working in or co-
operating with the health centres were included. Seventy-seven orthodontists worked 
actively in clinical practice. The majority of them (76%) worked in the southern and 
western part of Finland, where the majority of the country’s inhabitants live (Table 
4.1.).  
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Table 4.1. Geographic distribution of specialist orthodontists under 65 years of age in Finland 















specialists 65 49 15 16 1 146 
Number of  0- to 
18-year-old per 
specialist 7 320 8 570 8 470 7 400 43 390 8 109 
Of the seventy-seven actively working orthodontists, twelve (16%) also gave other 
dental treatments than orthodontic treatment. Two-thirds of actively working 
orthodontists worked as salaried orthodontists in a municipal health centre and half as 
private practitioners. Thirteen of the respondents had no connection with health 
centres. Several respondents worked in more than one employment sector (Table 4.2). 
Table 4.2. Distribution of actively working respondents by type of employment (several 
respondents worked in more than one employment sector). (II) 
Type of employment (n = 77) Respondents 
Salaried in a municipal health centre 
- Full-time 
- Part-time 
Consultant in a municipal health centre 
- 2-20 consultant days a year 
- 24-60 consultant days a year 




51    (66%) 
31 
20 
37    (48%) 
18 
16 
  3 
38    (49%) 
18    (23%) 
14    (18%) 
 
4.1.2. Subjects in the municipal health centres (III, IV, V) 
In order to analyse the effect of timing on the features of orthodontic treatment, 
acceptability of occlusion among adolescents, and the cost-effectiveness of treatment, 
eight municipal health centres were selected for the study. The health centres were 
selected on the basis of the results of an earlier study (Pietilä, 1998) in order to 
represent early and late timing of treatment. In 2003-2005, a random sample (2325 
adolescents) from two age groups, 16- and 18-year-olds, living in the area of these 
eight municipalities was invited to participate in the study. In 2004, the total population 
living in the area of these health centres was about 370 000, which is 7.4% of the total 
population of Finland. The number of children and adolescents aged 0-17 years living 
in the eight health centres was 75 200 (Table 4.3).   
Subjects and Methods 
 24 



























Early timing group 
A 35 700  7 800 310 133   (43) 37 63 19 81 
B 36 200  7 000 306 130   (43) 44 56 35 65 
C   4 700  1 200 113  68   (60) 50 50 59 41 
Subtotal 76 600 16 000 729 331   (45) 44 56 34 66 
Late timing group 
D 83 500 17 000 374 146   (39) 34 66 40 60 
E 76 000 14 200 300 172   (57) 30 70 51 49 
F 43 000  9 700 312 156   (50) 42 58 55 45 
G 27 600  6 800 300 144   (48) 38 62 44 56 
H 56 800 11 500 310 160   (52) 38 62 42 58 
Subtotal 293 400 59 200 1 596 779   (49) 36 64 47 53 
Total 370 000 75 200 2 325 1 109 (48) 38 62 43 57 
4.2. Methods 
4.2.1.  Questionnaires mapping out professionals’ views (I, II) 
The questionnaire sent to chief dental officers was based on an earlier questionnaire, 
which mapped out the orthodontic care in Finnish health centres in 1992 (Pietilä et al., 
1997), and it inquired about the number of personnel involved in orthodontic care, their 
work division, the number of orthodontic patients and visits, the use of orthodontic 
appliances, changes in orthodontic care in the previous ten years, and the chief dental 
officers’ own views on what further orthodontic research is needed (Appendix 1). A 
follow-up letter was sent to the chief dental officers who did not respond by the 
appointed time.  
In the questionnaire sent to the specialist orthodontists, the structured questions 
concerned the orthodontists’ living area, type of employment, working experience, and 
where their postgraduate training had been carried out. In open questions, the 
respondents were asked to consider at what age they preferred to assess a child’s 
occlusion for the first time, and then for a second and third time. They were asked to 
report the indications according to which they prefer to start orthodontic treatment in a 
child in the primary, early mixed, late mixed, or permanent dentition, and in adulthood. 
They were also asked which orthodontic appliances they preferred when treating 
children during the primary (4-6 years), early mixed (7-9 years), late mixed (10-13 
years), or permanent (14-18 years) dentition by mentioning the three appliances they 
have most often used in those age groups. Further, the orthodontists were asked to 
evaluate, in open questions, orthodontic services and optimal work division in 
municipal health centres, to report recent changes in their treatment practices, to give 
suggestions for improvement of orthodontic care, and to suggest orthodontic issues 
needing further research (Appendix 2).  
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4.2.2.  Characteristics of orthodontic services in the eight health centres (III, IV, V) 
In six of the health centres (A, B, D, F, G, H), the orthodontic resources and treatment 
modalities had been stable during the previous 10 years, while major changes had been 
taken place in two (C,E). In Centre C, a new treatment modality was adopted in the 
1990s, and orthodontic treatment was offered to all children with signs of 
malocclusion. Centre E had suffered from insufficient orthodontic resources for several 
years in the 1990s, and thus the intake of patients was restricted to the most severe 
cases. At the same time, the work division had changed, with an increasing number of 
treatments being carried out by general dentists. 
Six of the eight health centres had employed salaried orthodontists, and the ratio of 
orthodontist to the 0-17-year-old population varied from 1:7000 to 1:17 000. In the 
remaining two health centres, the orthodontic expertise was purchased from a 
consultant orthodontist. In all eight health centres, diagnosis and treatment planning 
were usually carried out by a specialist, and in all health centres, general dentists 
participated in the orthodontic treatments. The orthodontist-population ratio, and the 
number of general dentists and auxiliaries involved in orthodontic treatments in each 
health centre are given in Table 4.4. 























Early timing group 
A salaried  1:15 600 - >5 - 
B salaried  1:7000 - >5 - 
C consultant  6 days per year 
for 1200 
- 1 - 
Late timing group 
D salaried  1:17 000 1 - 1 
E salaried  1:9500 1 >5 1 
F salaried  1:9700 1 - - 
G consultant  4 days per year 
for 6800 
2 - - 
H salaried  1:11 500 1 <5 - 
The eight health centres were grouped according to the average timing of treatment to 
an early (A, B, C) and a late (D, E, F, G, H) treatment group according to the mean age 
for starting the treatment on a child (earlier versus later than 9 years of age).  
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4.2.3.  Questionnaire to the adolescents and the clinical examination (III, IV, V) 
In the younger age group (16-year-olds), every third class of the 9th grade of the lower 
secondary schools in the municipality was selected after allotting a starting number. In the 
older age group (18-year-olds), every third class of the second school grade of the upper 
secondary schools in the municipality was selected after allotting a starting number. 
Furthermore, the names and addresses of all 18-year-olds were received from the registers 
of the local health authorities, and after the pupils from upper secondary schools were 
extracted from the list, every third name on the list was selected after allotting a starting 
number. In one small health centre (C), with fewer than 5000 inhabitants, all the 
individuals in these two age groups were invited to participate in the study.  
An invitation letter was sent via the school to the pupils of the lower and upper 
secondary schools and by a posted letter to the home address of other adolescents in 
the older age group. All adolescents were offered the opportunity to telephone and 
change or cancel the visit. For practical and economic reasons, only a single 
examination period could be allocated to each municipality.  
A total of 1109 adolescents (48%) arrived for the examination. The subjects were asked 
to fill in a semi-structured questionnaire before the examination. In addition to the 
demographic data: age, gender, type of school (lower or upper secondary vs. vocational 
school vs. no school), the questionnaire included questions on previous orthodontic 
treatment. One respondent did not answer the question about treatment history.  
The clinical examination was carried out by two calibrated orthodontists (A-L S-O, 
TP).The examiners did not know which subjects had been orthodontically treated. 
After obtaining informed consent, the subjects were clinically examined for 
acceptability of occlusion with the OMFI (Svedström-Oristo, 2004) consisting of six 
morphological and four functional measurements (Appendix 3). 
4.2.4.  Features of orthodontic treatment history (III, IV, V)  
The data concerning orthodontic treatment were retrospectively collected from the 
patient records of all the subjects (n = 608) who reported previous or ongoing 
orthodontic treatment or who could not recall whether they had received orthodontic 
treatment. The detailed data on the features of orthodontic treatment rendered were 
collected by one orthodontist (TP) who used the same pre-formulated protocol in each 
health centre. The form for collecting the features comprised the following items; the 
demographic data on the subject, the diagnoses given, the data on starting, 
finishing/discontinuation of treatment, the type and number of arch wires and 
appliances, the number of teeth extracted for orthodontic reasons, the number of visits 
to the orthodontist, dentist and/or ancillary personnel, and the number of non-cancelled 
visits.  Orthodontic treatment was considered to have started when a fixed or 
removable appliance was placed into the mouth, and considered completed when a 
removable retention appliance was used less often than every night, or when regular 
check-ups of fixed retainers were no longer needed. The subjects with ongoing 
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treatment (n = 39) and those treated elsewhere (n = 46) were excluded. The remaining 
518 treated subjects were included in the treatment group. The group with no treatment 
history consisted of 505 subjects. 
The files of the non-participants were available only in one health centre (E), where the 
gender, age, school type and possible orthodontic treatment history were checked from 
the dental files of all the adolescents (n = 128) who failed to participate in the study 
examination. 
4.2.5.  Estimation of costs (V)  
Labour costs 
The chief dental officers in the eight health centres were asked by means of a semi-
structured questionnaire to report on the orthodontic work division in connection with 
different orthodontic treatments, and the duration of orthodontic visits in each 
personnel category. The average duration of an orthodontic visit was calculated for the 
adjustment and control visits of each appliance type for every work force category 
according to the replies given by the chief dental officers (Table 4.5).  
Table 4.5. Average duration of an orthodontic visit in each personnel category in connection 
with treatment by different appliance types. (V) 
Type of visit Orthodontist – 
dental nurse 
minutes 






Bonding of a fixed appliance 30 45 75 
- control visit for one arch appliance 10 15  20 
- control visit for two arch appliances 20 30 30 
Fixation of palatal/lingual bar 15 25   20 
- control visit for palatal / lingual bar 10 15 15 
Construction of headgear 30 40  40 
- control visit for headgear 10 15 5 
Impression and construction bite for 
functional appliance  
20 30 30 
Adjustment of eruption guidance 
appliance / functional appliance 
15 20 30 
- control visit for functional appliance 10 15 15 
Average duration of a visit 15 30 30 
The average monthly salary for each personnel category in 2004 was received from the 
national labour market organization. The total salary costs also include social security 
costs of 30.51%. Finally, the average costs per orthodontic visit were calculated 
separately for every work force category (Table 4.6). 
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Table 4.6. Monthly salary costs, average duration of orthodontic visit, and average salary costs 






costs 30.51% ) 
€  















Orthodontist  6354.90 54.02 15  13.51 
Dental nurse 2288.71 
General dentist  5757.42 50.29 30 25.15 
Dental nurse 2288.71 
Dental hygienist 2524.53 15.78 30 7.88 
 * monthly salary costs divided by 160 
 
Appliance costs  
Information about the numbers of brackets, bands, arch wires, face bows, extra oral 
devices and removable appliances used during individual treatment procedures was 
collected from the patient records of 557 study subjects. The costs of fixed appliances 
consisted of material costs estimated according to the average market prices given by 
the deliverers in Finland. The costs of removable appliances were computed according 
to average prices given by technical laboratories working in on the area of the health 
centres.  
Percent unit of acceptability  
In the cost-effectiveness analysis of orthodontic services, outcome was described as the 
one percent unit of acceptability.  The acceptability was measured on a health centre 
level by determining what percentage of treated subjects had acceptable morphology 
and function when measured using the OMFI.  The mean operating costs per case were 
used as the marker of the costs. The calculation of cost-effectiveness was made by 
figuring out how much each health centre had to have paid for one percent unit of 
acceptability, that is, by dividing the mean cost per case by the percentage of subjects 
with acceptable morphology or function.  
The study protocol was approved by the Ethics Review Committee of the Hospital 
District of South-West Finland and the local Ethics Review Committees of the eight 
health centres.   
4.2.6.  Statistical methods  
In study I, the statistical significance of the differences in the volume of orthodontic 
services between the health centres grouped according to their size, was tested by the 
variance analysis (ANOVA). P-value less than 0.05 was interpreted as statistically 
significant. 
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In study II, the association between an orthodontist’s experience and timing of Class II 
division 1 and Class III treatment, was tested by Fisher’s exact test. Stepwise logistic 
regression analysis, with the backward elimination method was used to estimate the 
association between the demographic characteristics of orthodontists and the tendency 
to start Class II division 1 treatment early.  
In studies III and V, differences between the features of orthodontic treatment (in study 
III, the duration of treatment, the number of appliances, and the number of visits, and 
in study V, the number of appliances, and the number of visits) in the early starting 
health centres and the late starting health centres were analysed using the two-tailed t-
test.  
In study IV, the inter-examiner agreement between the two examiners was analysed 
using the Kappa statistic (Fleiss, 1986). The impact of the history and timing of 
treatment on the acceptability of occlusion was analysed with logistic regression 




5.  RESULTS 
5.1. Provision of orthodontic care in municipal health centres in 2001 (I)  
Features of orthodontic services 
Orthodontic services were provided in all the responding health centres. The volume of 
orthodontic services was measured by the percentage of 0-18-year-olds wearing 
orthodontic appliances. In 2001, the mean percentage was 11.4 (range 2 – 43%). The 
mean percentage of children wearing an appliance was highest in small health centres 
with fewer than 10 000 inhabitants. The mean percentage was slightly smaller in larger 
centres, but the difference was not statistically significant (ANOVA, p=0.180). 
Orthodontic visits accounted for 30% of all dental visits of the 0-18-year-olds on 
average (range 2 – 66% among health centres); the size of the health centre was not 
associated with the ratio of orthodontic visits.  
Orthodontic expertise 
The most frequent way to obtain orthodontic expertise, used by 74% of health centres, 
was by making a contract with a consultant orthodontist. Every fifth health centre had 
employed salaried orthodontist manpower. Commissioned services were purchased in 
34% of health centres. The purchasing of commissioned services was most frequent in 
the small health centres with fewer than 20 000 inhabitants. Five per cent of health 
centres did not have any specialist expertise at their disposal.  
In almost all the health centres (94%), the general practitioners treated some of the 
orthodontic patients. Delegation of orthodontic tasks to dental auxiliaries was used in 
61% of health centres. Specialist orthodontists accounted for 22%, general dentists 
64%, and dental auxiliaries 14% of the total working time spent on orthodontic 
treatments in the health centres.   
Seventy-four per cent of chief dental officers reported major changes in the 
organization of orthodontic services during the previous five years. In thirty-four health 
centres, major changes had taken place in the volume of orthodontic services (Table 
5.1). Most of these changes concerned orthodontic specialist services. The number of 
specialist orthodontists had increased in twenty-seven and decreased in seven health 
centres.  
A quadhelix was the most frequently used appliance in primary dentition, followed by 
an eruption guidance appliance. A headgear was the most frequently used appliance 





Table 5.1. Changes in the volume of orthodontic services during the previous five years 
reported by local chief dental officers (n = 34). (I)  
Changes reported (n) Explanations given by respondents (n) 
Volume of orthodontic 
treatment increased (27) 
Specialist manpower increased (17) 
Orthodontic services better organized (15) 
Commissioned services increased (4) 
More general dentists participated in orthodontic treatments (4) 
Volume of orthodontic 
treatment decreased (7) 
Weakened economic situation (5) 
Increased need for adults’ dental services (4) 
Lack of specialist manpower (3) 
Table 5.2. The first, second and third most frequently used appliance in the health centres in the 
age groups 7–9 and 10-13 years. (I)   









Headgear 91 59 32 
Quadhelix 64 64 32 
Eruption guidance appliance 34 35 41 
Removable plate 6 4 8 
Functional appliance 3 16 18 







Headgear 91 43 27 
Fixed appliance 71 69 44 
Functional appliance 16 58 54 
Eruption guidance appliance 13 12 20 
Quadhelix 12 7 7 
 
5.2. Orthodontists’ views on orthodontic care in health centres (I, II) 
Opinions concerning the indications for treatment 
The majority of respondents mentioned a lateral crossbite (88% of respondents) as the 
most frequent indication for treatment during the primary dentition, followed by an 
anterior cross bite (78%), and scissors-bite (34%). During the early mixed dentition, 
the most frequently mentioned indication was an anterior crossbite (73%), followed by 
a lateral crossbite (67%). A severe Class II division 1 malocclusion with an increased 
overjet was mentioned as the third most frequent indication for treatment in the early 
mixed dentition (53%), and as the most frequent (42%) in the late mixed dentition. In 
late mixed dentition, the second and third most frequent indications were severe 
crowding (40%), and Class II division 2 with a severe deep bite (40%).  
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Opinions concerning the timing of orthodontic assessments 
Most orthodontists (81%) recommended the first assessment of the occlusion before 
seven years of age, and only two respondents recommended it later than this. However, 
the optimal age ranged from three to 10 years (mean 5.5 years). The second assessment 
ranged from the early mixed to the late mixed dentition (mean 8.2 years, range 6-12 
years), and the third from the late mixed to the permanent dentition (mean 11.2.years, 
range 9-16 years).  
Opinions concerning the selection of appliances 
The orthodontists reported that in the primary dentition the most frequently used 
appliance was a quadhelix, followed by an eruption guidance appliance. In the early 
mixed dentition, the most frequently used appliances were a headgear and a quadhelix. 
The quadhelix was not mentioned for age groups over nine years. A functional 
appliance was used in the age range of 7-9 years upwards and was the second most 
frequently used appliance in the 10- to 13-year-old age group and in the 14- to 18- 
year-old age group. A fixed appliance was used most frequently in the 10- to 13- year-
old age group, and it was also the appliance predominantly used in the permanent 
dentition.   
Opinions concerning the starting age of orthodontic treatment 
Orthodontists who had graduated between 1975 and 1987 tended to favour early 
treatment more often than those who had graduated more recently, i.e. 49% of those 
who had graduated earlier preferred to start Class II division 1 treatment during early 
mixed dentition, while this was the case for only 34% of those who had graduated 
more recently. This difference was not statistically significant (Fisher’s exact test, 
p=0.142). The same tendency was seen in connection with Class III treatment, 32% vs. 
24% (Fisher’s exact test, p=0.296). No differences were seen in the timing of treatment 
of Class II division 2 malocclusions.  
Approximately 50% of the orthodontists who worked full time in municipal health 
centres preferred to start the treatment of a Class II division 1 malocclusion during the 
early mixed dentition, a view agreed on by 28% of those working part-time and 41% of 
those working outside health centres. Correspondingly, the share of respondents 
emphasizing early treatment of Class III malocclusion was 35% among orthodontists 
working full-time in health centres, 24% among orthodontists working part-time in 
health centres, and 22% among those working outside health centres. Early initiation in 
the case of Class II division 2 malocclusion was preferred by all three groups (92% vs. 
72% vs. 67%, respectively).  
When consultant orthodontists were compared, similar differences were seen only in 
connection with Class II division 1 treatment.  More than half (58%) of those working 
as consultants at least twice a month preferred to start treatment during the early mixed 





The characteristics of respondents explaining the differences in the opinions on timing 
of Class II division 1 treatment were studied by logistic regression analysis (Table 
5.3). The characteristics of orthodontists were: experience, graduated early (1975-
1987) or late (1988-2002), graduation institution, working at a health centre, and 
working as a consultant. None of the chosen explanatory factors had a significant 
association with opinion on the timing of Class II division 1 treatment.   
Table 5.3. Variables associated with tendency to start Class II division I treatment early (stepwise 
logistic regression analysis) (II)   
 B SE Wald df Sig. = P Exp(B) 
Experience -0.481 0.505 0.905 1 0.341 0.618 
University 0.343 0.495 0.478 1 0.489 1.409 
Salaried -0.006 0.533 0.000 1 0.992 0.994 
Consultant -0.238 0.493 0.234 1 0.629 0.788 
Constant  -0.174 0.594 0.086 1 0.770 0.840 
Experience, experience as a specialist orthodontist.  
University, institute of orthodontic graduation.  
Salaried, working in a health centre as a salaried orthodontist.  
Consultant, working as a consultant orthodontist in health centre/centres. 
 
 
Specialist orthodontists’ views on orthodontic care delivery in health centres 
The specialist orthodontists proposed that specialists should not give simple 
orthodontic treatment but concentrate on treatment planning, consultation, and difficult 
treatment. Forty-five respondents (64%) wanted to change the work division between 
specialists and general dentists; thirty-three (47%) wanted to increase the share of 
general dentists, mainly by delegating simpler treatments to them; treatment with 
appliances such as quadhelix, headgear, activator, face mask and removable 
appliances. Seventeen respondents (24%) wanted to reduce the involvement of general 
dentists in difficult treatments and the number of treatments started independently, 
without consultation. 
Only one specialist orthodontist wanted to reduce delegation to auxiliaries, while 65 of 
them wanted to increase delegation by devolving routine tasks more often. The most 
common tasks to be delegated were the taking of impressions (51% of respondents 
answering this question), rebonding (50%), setting of bands (50%), health education 
and motivation (42%), bonding of brackets (15%), and changing of ligatures and arch 
wires (8%).  
Eighty-one per cent of specialist orthodontists had made some changes in their 
treatment practices during the preceding ten years. The most frequent changes 
concerned the application of new treatment techniques (71%), and of these, the 
adoption of an eruption guidance appliance was most common (36%).  Secondly, 
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respondents reported changes in the timing of treatment (54%), with the majority 
(75%) moving to an earlier starting age. Thirdly, fourteen respondents were delegating 
orthodontic tasks to general dentists or auxiliaries more often.  
When the specialist orthodontists were asked to name those features of Finnish 
orthodontic care they considered to be of good quality, 55% listed the population-based 
system in the organization of orthodontic services, 25% the good professional skills of 
specialists, and 20% professional skills in the execution of early treatment. The 
orthodontists most often mentioned the lack of national guidelines as a challenge for 
development. Orthodontists’ opinions on the aspects which need improvement and the 
suggested tools for improvement are given in Table 5.4.   
Table 5.4. Aspects needing improvement and the suggested tools for improvement according to 
specialist orthodontists (percentage of respondents in parenthesis). (II) 
Aspects needing improvement % 
Lack of national guidelines for orthodontic care 40 
Weak routines in documentation, planning and follow-up of treatments 36 
Insufficient work division in orthodontic care 35 
Lack of orthodontic skills among general dentists 30 
Suggested tools for improvement % 
Increased education of specialist orthodontists 39 
Additional orthodontic resources needed for public health services  30 
Better cooperation between central hospitals and health centres 19 
Remuneration of orthodontic treatment by sickness insurance or by introducing 
orthodontic service vouchers for private services 
 
16 
Both chief dental officers and orthodontists gave various suggestions for subjects of 
future research. Both respondent groups stressed the need for research on treatment 
outcome and stability of treatment results. The efficacy of treatment methods was 
similarly mentioned by both groups, while the need for studies on cost-effectiveness 
was emphasized by orthodontists. 
5.3. Orthodontic services in the eight health centres (III, IV, V) 
5.3.1. Features of orthodontic treatment in the eight health centres (III) 
Description of subjects 
The percentage of participation in the study was lowest (39) in the largest and highest 
(60) in the smallest health centre. Females formed the majority among the subjects in 
all but one health centre. Fifty-seven per cent of subjects (n = 636) belonged to the 
older age groups, with 76% of them studying in the upper secondary, and 23% in 
vocational schools. One per cent of the 18-year-olds were not studying at any school. 
In Centre E, the percentage of boys was higher among the non-participants than among 
the participants (50% vs. 30%). Fewer non-participants than participants had a history 
of orthodontic treatment (38% vs. 43%).  
Results 
 35 
Orthodontic treatment history 
A history of orthodontic treatment in the study health centres was reported by 50% of 
all subjects. The percentage of subjects who had received or were receiving 
orthodontic treatment ranged from 27 to 85, and was lowest in the two largest health 
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Figure 5.1. Subjects grouped according to the history of their orthodontic treatment. 
 
Twelve per cent of all subjects had a history of discontinued treatment. The percentage 
of discontinued treatments was highest in the health centres with a high percentage of 
subjects with a treatment history that is in the early timing group. Only a few 
treatments were still continuing, with the percentage of subjects under treatment 
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Figure 5.2. The phase of treatment in the groups with orthodontic treatment history. 
 
Features of treatment 
The mean age for starting orthodontic treatment in the studied health centres varied 
from 7.8 to 11.7 years; it was 8.0 years (SD=1.9) in the early group, and 10.7 years 
(SD=2.3) in the late group. The variation in starting ages of the subjects in the two 






Figure 5.3. Distribution of starting age of orthodontic treatment in health centres with early or 
late timing of treatment (adjusted distribution). (IV) 
 
The mean duration of treatment in the group with completed treatment ranged from 
20.1 to 67.1 months (Table 5.5). In the group with discontinued treatment, the mean 
duration of treatment ranged from 15.5 to 47.3 months, being 39.2 months (SD=26.3) 
in the early group and 29.5 months (SD=20.1) in the late group. The duration of 
treatment was higher in the early group (t-test, p<0.001) (III). 
Crowding had been the most frequent indication for orthodontic treatment in four 
health centres (B, E, F, G), a Class II malocclusion in three health centres (A, C, H), 
and in one health centre (D) these two indications were equally frequent. The next 
most frequent indications were deep bite, lateral crossbite and anterior crossbite. The 
most frequently used appliance among all subjects was a headgear followed by fixed 
appliances, the eruption guidance appliance, and a quadhelix. The headgear was the 
most frequently used appliance in four, and an upper fixed appliance in three health 
centres. In Centre C, the eruption guidance appliance was the prevailing appliance 
(Table 5.6). 
 









Starting age in years 
Early timing group 
Late timing group 
Results 
 38 




Mean age of starting 
 treatment 
 years (SD) 
Mean duration of completed 
treatment  
months (SD) 
Early timing group 
A 7.8 (2.5) 35.6 (20.1) 
B 8.0 (1.3) 39.0 (23.1) 
C 8.5 (1.6) 67.1 (31.8) 
Subtotal 8.0 (1.9) 42.3 (26.0) 
Late timing group 
D 11.0 (2.4) 43.4 (25.0) 
E 10.4 (2.7) 26.5 (18.6) 
F 10.3 (2.2) 38.3 (27.9) 
G 10.3 (1.7) 39.4 (22.3) 
H 11.7 (2.2) 20.1 (13.9) 
Subtotal 10.7 (2.3) 32.1 (23.0) 












 Early timing group 
A 76 11 16 5 21 
B 77 0 15 5 11 
C 26 82 30 4 19 
 Late timing group 
D 33 0 35 18 12 
E 36 34 34 9 30 
F 38 10 46 31 30 
G  64 29 49 33 6 
H 6 9 76 44 3 
* One or several appliances per patient. 
A second phase of treatment was found in 22% in the early and in 17% in the late 
group. During the first treatment phase, a specialist was involved in the treatment 
procedure in every tenth case in the early group and in every third case in the late 
group. The specialist was involved in the treatment procedure in approximately half of 
the cases during the second treatment phase in both groups (Table 5.7). 
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Table 5.7. Percentage of treatments undertaken by specialist orthodontist and/or general dentist. 
(III)  
 Early timing group Late timing group 
Provider 1
st
 treatment  
phase 




 treatment  
phase 




 treatment  
phase 




 treatment  
phase 
(n = 55) 
% 
Specialist orthodontist 7 42 25 31 
General dentist 90 48 68 58 
Both together 3 10 8 11 
 
5.3.2. Acceptability of occlusion in the eight health centres (IV) 
Acceptability of morphology 
There was greater inter-examiner agreement between the two examiners in the 
assessment of morphology (Kappa 0.70) than in the assessment of function (Kappa 
0.51). 
The share of subjects with acceptable occlusion after the completion of treatment 
ranged from 42% to 72% among the health centres. In both groups the percentage of 
subjects with acceptable morphology was higher among untreated than among treated 
adolescents (Figure 5.4). Among the subjects with discontinued treatment, every third 
adolescent had an acceptable morphology of occlusion when measured by the OMFI, 
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Figure 5.4. Percentages of subjects with acceptable morphology as measured using the OMFI 
according to health centre. 
 
In the logistic regression analysis, both explanatory factors, the history and timing of 
treatment, had a statistically significant association with the acceptability of the 
morphology of occlusion. A history of orthodontic treatment decreased the odds 
(OR=0.719, 95% CL, p=0.016), while the early timing of treatment increased the odds 
(OR=1.370, 95% CL, p=0.042) for the acceptability. 
In all groups, the most frequent feature leading to the non-acceptance of morphology 
was an unfavourable canine relationship (from 9% to18%), followed by deep bite 
(from 11% to 14%). In the early timing group, anterior crossbite was more common 
among treated than among untreated adolescents (7% vs.1%).  
Acceptability of function 
The percentage of subjects with functionally acceptable occlusion after completion of 
the treatment ranged from 46 to 72 in the health centres. In the early group, the 
percentage was quite similar among the untreated and treated adolescents, while in the 
late group, the proportion of functionally acceptable occlusions was higher among the 
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Figure 5.5. Percentages of subjects with acceptable function as measured using the OMFI 
according to health centre. 
 
In the logistic regression analysis, both explanatory factors, the history and timing of 
treatment, had a statistically significant association with the acceptability of the 
function of occlusion. The history of orthodontic treatment decreased the odds 
(OR=0.724, 95% CL, p=0.018), while the early timing of treatment increased the odds 
(OR=1.420, 95% CL, p=0.023) for the acceptability.  
In all groups, a protrusion interference was the most frequent feature leading to non-
acceptance of function (from 26% to 37%), followed by disturbances in guided lateral 
occlusion (on right-hand side from 11% to 21%, and on left-hand side from 6% to 
14%). Centre C had no subjects with a discrepancy between CR and ICP. 
5.3.3. Costs of orthodontic treatment in the eight health centres (V) 
Operating costs 
The operating costs comprise the costs of orthodontic visits, i.e. estimates of the salary 
costs of an orthodontic visit in each manpower category, and the costs of orthodontic 
appliances. The mean operating costs per case were 720 euros in the early and 649 
euros in the late timing group. The mean operating costs varied from 517 to 926 euros 
between individual health centres. The mean appliance costs were higher in the late 
timing group and the mean visit costs higher in the early timing group, but there was a 
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Figure 5.6. Mean costs of orthodontic treatment per case with treatment history according to 
health centre (includes completed, continuing, and discontinued treatments). 
 
The visit costs were lowest in the two late timing health centres (F and H), where the 
upper fixed appliances were the dominating treatment modality, and the orthodontist 
was responsible for the majority of treatments. The visits costs were highest in the two 
health centres (B and G), where the general dentists had a major role in the treatment 
process. 
The percentage of completed treatments was 75 in the early timing group and 85 in the 
late timing group, while the percentage of discontinued treatments was 21 in the early 
timing and 6 in the late timing group. The mean number of orthodontic visits was 
higher in the early timing group, and the difference between the early and late timing 
groups was statistically significant (t-test, p=0.004) (III). The mean number of visits 
among adolescents with completed, continuing and discontinued treatment in eight 
health centres is given in Table 5.8. 
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Table 5.8. The mean number of visits in the groups of completed, continuing, and discontinued 













 Early timing group 
A 23.8 (11.3) 7.5 (3.5) 21.8 (12.3) 
B 28.2 (15.8) 37.3 (24.1) 36.1 (22.8) 
C 32.7 (16.2) 48.5 (30.6) 19.4 (10.8) 
Subtotal 28.2 31.1 25.8 
 Late timing group 
D 28.5 (15.8) 23.1 (6.7) 19.3 (1.5) 
E 21.0 (13.8) 11.7 (9.6) 28.0 (17.4) 
F 20.5 (14.7) 21.0 (9.2) 10.7 (9.9) 
G 30.4 (16.3) 48.3 (21.8) 36.0 (13.6) 
H 17.7 (9.4) 24.7 (11.2) 15.0 (9.8) 
Subtotal 23.6 25.8 21.8 
 
In the groups with completed and discontinued treatment, the mean number of 
orthodontic appliances was approximately twofold in the late timing group when 
compared with the early timing group. The difference in the mean number of 
appliances was statistically significant (t-test, p<0.001) (III). The mean number of 
appliances among adolescents with completed, continuing and discontinued treatment 
in eight health centres is given in Table 5.9. 
Table 5.9. Number of orthodontic appliances in the groups of completed, continuing, and 















mean (SD)  
Early timing group 
A 2.9 (2.3) 1.0 (0.0) 1.8 (1.0) 2.7 (2.2) 
B 3.1 (2.8) 7.0 (5.7) 2.8 (1.7) 3.3 (2.9) 
C 4.0 (2.3) 8.0 (5.7) 2.6 (2.2) 3.6 (2.9) 
Subtotal 3.3 5.3 2.4 3.2 
Late timing group 
D 7.1 (4.5) 9.5 (4.2) 16.7 (1.2) 7.2 (4.6) 
E 4.3 (3.3) 5.3 (4.5) 3.5 (1.9) 4.3 (3.2) 
F 5.8 (4.7) 5.7 (2.7) 3.3 (4.0) 5.7 (4.4) 
G 6.7 (5.3) 8.8 (4.2) 8.0 (6.5) 6.7 (5.3) 
H 7.5 (4.5) 7.3 (1.5) 2.5 (3.0) 7.2 (4.5) 
Subtotal 6.3 7.3 6.8 6.2 




The criterion depicting the cost-effectiveness of orthodontic services, that is, the costs 
for one per cent unit of acceptable morphology, was the same in both timing groups. 
The costs for one per cent unit of acceptable function, was lower in the early timing 
group (Figure 5.7). In these comparisons, Centre F had the best cost-effectiveness in 
both categories. However, the health centre with the poorest cost-effectiveness varied 













A B C Early
group








Figure 5.7. The costs of one per cent unit of acceptability of morphology and acceptability of 





6.  DISCUSSION 
6.1. Methodological considerations 
The approach of the present study was both retrospective and cross-sectional. It was 
partly based on questionnaires, partly on clinical registrations and patient files. The 
intention was to draw a realistic and pragmatic picture of clinical orthodontic activities 
in Finnish municipal health centres. The principal attributes chosen to describe the 
services were the volume of services, the timing and duration of treatment, the 
acceptability of occlusion among both treated and untreated adolescents, and the costs 
of services. 
Questionnaires 
The main focus in the questionnaire sent to the Finnish health centres was on the extent 
of services, treatment timing and practices, and delegation of work. In order to 
facilitate comparisons, several questions were deliberately formulated similarly to 
those in an earlier survey depicting public orthodontic care of children and adolescents 
in Finnish municipal health centres in 1992 (Pietilä et al., 1997). Additionally, in order 
to complement the general view, the respondents were also asked to estimate changes 
that had taken place during the last decade. The questions were constructed in detail in 
order to ensure the necessary homogeneity of the replies. In most of the large and 
medium-sized health centres, such data are usually collected using computer software. 
The gathering of data might have caused difficulties for some smaller health centres 
with limited data collection resources. Generally, studies based on questionnaires may 
suffer from some weaknesses; is the response rate good enough, are the answers 
reliable, and does the loss of replies have an effect on the representativeness of the 
results? It is usually estimated that a response rate of over 60% is acceptable 
(Chadwick et al. 1984). As regards the reliability, subjects have a tendency to give a 
good picture of themselves, especially if personal and intimate questions are posed. In 
the current study, however, the questions did not touch any sensitive areas of the 
respondent’s life, as they concerned mainly administrative data. The loss of replies 
may have led to some loss in the representativeness of the results but there is no reason 
to suppose that this has caused differences in the comparisons between the subgroups. 
The small number of specialist orthodontists in Finland enabled the sending of the 
second questionnaire to all orthodontists of working age. The questionnaire was 
regarded as a feasible tool for inquiring about orthodontist’s treatment decisions. Thus, 
the collection of data was quick and inexpensive (Chadwick et al., 1984), and the bias 
caused by observer variation was avoided (Helöe, 1972). The questionnaire also gave 
the respondents the possibility to answer at the most convenient time. This was 
especially important because the questionnaire was comprehensive and partly asked for 
the respondents’ opinion on optimal treatment decisions rather than on decisions they 
are used to make in real life situations. Many Finnish orthodontists work in several 
sectors: in public health care, hospital or university clinics, and in private practice. The 
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orthodontists working only in private practice or university clinics with less knowledge 
of the practices in health centres might have felt the questions difficult or awkward to 
answer. However, the good response rate (68%) among the orthodontists working in or 
co-operating with health centres makes it possible to draw reliable conclusions on 
public orthodontic care. 
Subjects 
The eight health centres were selected from among medium-sized municipalities on the 
basis of the results of earlier surveys to represent different orthodontic treatment timing 
practices (Pietilä, 1998) to be able to study the effect of the starting age of orthodontic 
treatment on the acceptability of occlusion. Centre C was smaller than the others, but 
was included in the study because it was applying a new early treatment approach 
using the eruption guidance appliance.  
The studied age groups were selected to ensure that most subjects would have 
completed their orthodontic treatment. Further, the 16-year-olds were the oldest age 
group that could be easily reached for the examination via schools. Approximately half 
of the adolescents invited to the study arrived for the clinical examination. This was 
satisfactory when considering the phase of life at this age. In the present study, the 
evaluation of non-participants showed that the drop-outs included more males and 
those without orthodontic treatment history. However, the differences were minor and 
were not considered to distort the reliability of the results.  
Assessment of acceptability 
No generally valid or acceptable method is available for measuring the success of 
orthodontic services; only the morphological and functional effects of treatment can be 
measured comparably enough. However, operator variability is regarded as a 
significant problem in reducing the power of such comparisons (Vig et al., 1995). In 
this study, the evaluation of treatment outcome was based on a clinical examination 
instead of dental casts, and therefore the OMFI was chosen as the method for the 
assessment. The OMFI is a comprehensive method measuring the acceptability of both 
the morphology and the function of occlusion (Svedström-Oristo, 2004).  
The inter-examiner agreement between the two examiners was measured as the 
proportion of agreement by using the Kappa statistic. The agreement in the assessment 
of function (Kappa 0.51) was moderate and in the assessment of morphology (Kappa 
0.70) good (Altman, 1991). Thus, the agreement was satisfactory. The blinding of the 
examiners was assured by hiding the information on the adolescents’ history of 
orthodontic treatment before the examination. Moreover, all the detailed facts on the 
indication of treatment, type of appliances, or number of visits were gathered later on 
without being aware of the information from the clinical examinations. 
Logistic regression analysis using the backward elimination method was used to 
evaluate the associations with explanatory variables (the treatment history and the early 
versus late timing of treatment) and the acceptability of occlusion. Logistic regression 
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analysis was chosen, because it analyses the adjusted effects of each single factor when 
the effects of other factors have been taken into consideration.  
In order to improve the comparability among the health centres, the adolescents with 
continuing or discontinued treatments were excluded from the assessment of the 
acceptability of occlusion. The acceptability was thereby evaluated only among those 
adolescents whose orthodontic treatment was completed.  
Assessment of costs 
In the eight health centres, the treatments studied had often been given already in the 
1990s. The estimations of the time spent on treatments were collected according to 
routines applied at the time of the study. This might have caused bias especially in the 
economic evaluation in the health centres with major changes in the 1990s. In Centre 
C, the new treatment approach might have led to extra visits at the start. Similarly, in 
Centre E, the changes in the availability of specialist resources might have had an 
effect on, for example, the number of visits. 
The economic evaluation was focused on the direct costs paid by the municipalities. 
The overheads were not included in the operating costs, because in a retrospective 
study arrangement, it was not possible to measure indirect costs of treatment, such as 
the loss of production, education, domestic responsibilities or social activities. Unlike 
in the evaluation of acceptability of occlusion, the economic evaluation comprised not 
only the operating costs of the adolescents with completed treatment but also those of 
adolescents with continuing and discontinued treatment. Thereby, the effect of 
variation in the percentage of discontinued treatments was also taken into account. 
Generalizability of results 
The retrospective nature of the inquiries from health centres might have tempted them 
to estimate some data instead of giving plain measurements. However, the amount of 
estimated data collected was moderately small.  An earlier study on Finnish health 
centres (Pietilä et al., 1997) gave an opportunity to repeat the evaluation of orthodontic 
care, and thereby to describe the eventual changes that had taken place during the past 
decade. Further, by choosing the OMFI for the assessment tool, the results could be 
compared with an earlier Finnish study using the OMFI (Svedström-Oristo et al., 
2003).  
The detailed data on the treatment provided in the eight health centres were gathered 
from the adolescents’ dental files using a written protocol. Because of lack of time and 
financial resources it was not possible to repeat the collection in order to measure the 
reliability of the data. However, any possible flaws in recording would be likely to 
scatter randomly, so this was not considered to jeopardize comparisons between the 
groups. According to Hausen et al. (2001), caries data collected from public health 
records are not inferior to the data collected by trained and calibrated examiners. This 
may be generalized also to concern orthodontic recordings. In Finland, the itemized 
registration of dental procedures is obliged by law. In addition, the codes describing 
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clinical procedures are nationally identical, which improves the comparability of the 
data. The dentists receive a fee for several clinical procedures they accomplish, which 
also promotes a careful registration and the precise use of codes.  
The results of the present study elucidated the main features of orthodontic care in 
Finnish health centres. The pragmatic examples of the eight health centres made it 
possible to describe and compare different ways of organizing orthodontic services. 
Probably, this is the first study evaluating orthodontic care including both treated and 
untreated individuals in the assessments. Therefore, it was possible to illustrate the 
allocation of resources, the applicability of chosen treatment modalities and the 
feasibility of work division derived from a real-life situation from the perspective of 
the health care system. 
6.2. Characteristics of orthodontic service delivery in Finnish health 
centres 
An earlier study on orthodontic care in health centres in 1992 enabled the evaluation of 
changes in the service delivery during the ten-year period from the beginning to the 
end of the 1990s (Pietilä et al., 1997). The overall extent of services had generally 
increased, but the 20-fold differences among health centres reported in 1997 still 
prevailed. Even though the health centres which had earlier provided orthodontic 
treatment on a minimum level had increased their orthodontic services, the health 
centres with affluent service provision, had also increased the volume of their services. 
Unexpectedly, the economic depression in the 1990s had not been directly reflected in 
the extent of orthodontic services, and more health centres had increased than 
decreased their services during the last decade. However, according to the chief dental 
officers, the weak economic situation was the most frequent reason for reducing 
children’s orthodontic services.  
Two interesting changes had taken place in the delivery of orthodontic care during the 
1990s. First, a new appliance, the eruption guidance appliance seemed to have largely 
replaced the use of removable plates and other functional appliances in the early 
treatment. Secondly, the delegation of orthodontic tasks to auxiliaries had increased 
considerably, and the delegation was generally favoured by the orthodontists. 
Even though the survey gave opportunities to compare the features of orthodontic 
practices in Finland, comparisons with other Nordic countries are complicated. Above 
all, the methods of measuring the volume of orthodontic treatment vary in different 
countries, which hampers the comparisons. Furthermore, no nationwide data have been 
published on subsidized orthodontic care in other Nordic countries. In 2005, the 
Swedish Council on Technology Assessment in Health Care (SBU) published data on 
orthodontic services in Swedish counties. The volume of orthodontic treatment was 
calculated as treatments started during one year per one age group. The volume is not 
comparable as such with the present data, but large regional variation, four-fold 
differences in the percentage of started treatments, was also found in Sweden.  
Moreover, in the United Kingdom, Chestnutt et al. (2006) found that the extent of 
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orthodontic treatment had increased between 1993 and 2003, a tendency which was 
also seen in Finnish health centres.  
The average share of orthodontic visits of all dental visits of children and adolescents 
in municipal health centres had increased only slightly from 26% in 1992 to 30% in 
2001, even though the percentage of orthodontic patients had increased more clearly. 
In 1998, the National Research and Development Centre for Welfare and Health 
published a report recommending longer clinical examination intervals in children and 
adolescents (Eerola et al., 1998), and this may partly explain the minor increase in the 
share of visits. The reduction in general dental visits has also been reported by 
Nordblad et al. (2004). In addition, another explanation for the small increase in 
orthodontic visits may also be the fact that in the early 2000s, the focus in public dental 
health care was gradually changing, when adults of all ages also become entitled to 
municipal oral health services.  
Finnish orthodontists tend to favour early treatment, and the average starting age of 
nine years is low when compared with the other Nordic countries (Rølling, 1978; 
Espeland et al., 1992; SBU, 2005). One explanation may be the tradition in Nordic 
universities to emphasize growth and development in orthodontics. The great majority 
of children regularly visit the health centres for oral examination and treatment 
(Nordblad et al., 2004).  This allows the possibility to follow the development of a 
child’s occlusion from birth to adulthood, and thereby it is feasible to carry out an early 
intervention. Furthermore, parents also favour early interventions (Pietilä and Pietilä, 
1994).  
All municipalities, regardless of their size, have an equal responsibility to organize 
treatment even in the most severe cases, and this may be one of the reasons for a 
pronounced increase in the purchase of commissioned services. When compared with 
an earlier study, the availability of health centres’ own orthodontic expertise had also 
slightly increased (Pietilä et al., 1997). In the chief dental officers’ responses, most of 
the changes in the provision of orthodontic services were related to the availability of 
specialist manpower. An increase in the number of orthodontists was reported 
considerably more often than a lack of specialists. However, the possibilities to 
organize specialist services varied between small and large health centres.  
Although the orthodontists were interested in devolving simpler orthodontic treatments 
to general dentists, the decreasing number of general dentists and the increased 
challenges in oral heath care for adult patients do not encourage this kind of change. 
The orthodontists definitely wanted to carry out the diagnosis and planning of 
treatment, and the most difficult treatments. Still, the share of health centres applying 
delegation of orthodontic tasks to auxiliaries had been doubled from 1991 (Pietilä et 
al., 1997). This development seemed to be largely supported by the orthodontists.  
6.3. The features of orthodontic treatment in the eight health centres 
There were several differences in the features of orthodontic services provided by these 
eight health centres, which might have brought about confounding factors in the 
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assessment of the acceptability of occlusion and function. First, in six of the health 
centres (A, B, D, F, G, H), the orthodontic resources and treatment modalities had been 
stable during the previous 10 years, while major changes had taken place in two health 
centres (C, E). In Centre C, a new treatment modality with the eruption guidance 
appliance was adopted in the 1990s, and orthodontic treatment was offered to all 
children with even minor signs of malocclusion. Centre E had suffered from 
inadequate orthodontic resources for several years in the 1990s, and thus the intake of 
patients had been restricted to the most severe cases. At the same time, the work 
division had been changed, with an increasing number of treatments being carried out 
by general dentists. Moreover, there were differences in the work division and the 
availability of specialist expertise in the eight health centres. In the early timing group, 
treatments were mainly carried out by general dentists applying less demanding 
treatment methods, while in the late timing group, specialists were more closely 
involved in the treatment. 
The results (Figure 5.1., page 36) depict that in spite of a distinct difference in the 
average starting age between the two timing groups, both early and late treatments 
were often applied in each group. The incidence of malocclusions does not vary 
considerably either in different regions in Finland or among the studied health centres. 
However, in the three early timing health centres the choice of appliances had 
inevitably guided the timing; both orthopaedic headgear and the eruption guidance 
appliance are especially effective during the early mixed dentition (Kirjavainen et al., 
2000; Keski-Nisula et al., 2008b).  
In the late timing group, the percentage of adolescents with an orthodontic treatment 
history (42%) was similar to that in earlier Finnish studies (Pietilä and Pietilä, 1996; 
Svedström-Oristo et al., 2003). In contrast to this, among the adolescents of the early 
timing group the percentage with a treatment history was much higher (70%). The 
differences in the volume of treatment between the groups may also have caused 
variation in the case mix; in Centres D and E with low treatment volume (27% and 33 
%), only the most severe cases were entitled to treatment, while in the early timing 
group also minor malocclusions were treated.  
In the health centres of the early timing group, the principles of treatment were based 
on one dominating appliance; in Centres A and B on headgear and in Centre C on the 
eruption guidance appliance. In the health centres of the late timing group, the use of 
different appliances varied more widely, and the fixed appliances were more 
commonly used. The variation in appliances was in line with the practices in Finnish 
health centres in 2001. The only exception was the use of functional appliances. They 
were found to be among the three most frequently used appliances only in Centre H, 
where it was the third most frequently used after the upper and lower fixed appliances. 
On the contrary, in 2001, the use of functional appliances was reported much more 
often in Finnish health centres. The eruption guidance appliance might have partly 
replaced the other types of functional appliances.   
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There was a difference in the mean starting age among the two timing groups, but still 
both early and late treatments were applied in each group. The orthodontists in the 
eight health centres had probably had converging opinions, e.g. on the appropriate 
timing of the treatment of anterior and lateral crossbites. On the other hand, some 
malocclusions, such as impacted canines and scissors bite of premolars and second 
molars can not be treated until during the late mixed dentition. 
The need of the second treatment phase was almost the same, 22% in the early and 
17% in the late timing group. Thus, early interventions were also applied in the late 
timing group. As for the total treatment duration, the treatment time was longer in the 
early than in the late timing group, 43 versus 32 months, although the total treatment 
time also varied in both the timing groups. The results were in line with earlier findings 
showing that a longer duration of treatment is connected with the use of more than one 
treatment phase and/or appliances demanding good cooperation (Beckwith et al., 1999; 
Mavreas and Athanasiou, 2008). Consequently, the mean number of visits was also 
more frequent in the early than in the late timing group. In the early timing group, 
orthodontic treatment was given more often by general dentists, and this may partly 
explain the difference. According to Nihtilä and Widström (2009), orthodontic 
treatments given by general dentists seem to increase the number of visits. Generally, 
in the late timing group, a greater number of treatments were still continuing as 
compared to the early timing group, but there was a great variation among the health 
centres of the late timing group.  
According to earlier Finnish studies (Pietilä and Pietilä, 1996; Svedström-Oristo et al., 
2003), the percentage of discontinued treatments varies between 11% and 13%. In the 
present study, a lower percentage was found in the late timing group. In the early 
timing group, every fifth subject had discontinued his/her orthodontic treatment. The 
share of discontinued treatments was highest in Centre C, where 43% of treatments 
were discontinued. Richmond and Andrews (1995) have noticed that an older starting 
age is connected with discontinuation of treatment, but the present study did not 
confirm their finding. On the other hand, Richmond’s and Andrews’ finding that the 
use of extra-oral traction is connected with discontinuation was supported. Both 
headgear and the eruption guidance appliance demand good cooperation and need a 
longer treatment time to be effective, and this can partly explain the higher 
discontinuation rates in the early timing group. Another explanation might be that in 
the early timing health centres, the treatment had been offered generously, and 
therefore children with originally weak compliance and/or minor perceived need may 
have been selected for treatment.   
In the provision of health services, regional variation has frequently been reported 
(Keskimäki et al., 1994; Gittelsohn and Powe, 1995). An explanation characterizing 
this variation is professional uncertainty caused by the lack of evidence on different 
treatment practices (Wennberg et al., 1982). Consequently, the development of 
guidelines has been thought to reduce variation in the provision of health care services 
(O’Brien et al., 1996). In Finland, there are no Current Care guidelines steering 
orthodontic treatment practices, although guidelines have been developed for some 
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other dental procedures, e.g. diagnostics of oral cancer, TMD and dental caries. 
However, the compiling of guidelines for orthodontic treatment might be especially 
demanding in a country like Finland, because of the uneven distribution of specialist 
orthodontists in the country. 
6.4. Outcome of orthodontic treatment 
The share of subjects with acceptable occlusion was slightly higher in the early than in 
the late timing group, when both the morphological and functional criteria of the OMFI 
were taken into consideration. However, the wide variation in orthodontic appliances 
between and within the two timing groups complicated the appraisal of whether the use 
of different appliances as such influences the acceptability of occlusion. The early 
timing health centres used one type of appliance more frequently, but the variety of 
appliances used in the late timing health centres was great. In this study population, the 
frequency of treatments with an upper fixed appliance, varied from 34% to 76% in the 
late group compared to from 15% to 30% in the early group. In Norway, children 
treated with fixed appliances had better treatment outcome than those treated with 
removable appliances (Birkeland et al., 2000). However, in our study, Centre C, where 
the removable eruption guidance appliance was the most commonly used appliance, 
had the highest rates of acceptability in both morphology and function. Favourable 
treatment results have also been reported earlier by Keski-Nisula et al. (2008a) 
concerning the use of the eruption guidance appliance. 
Svedström-Oristo et al. (2003) found acceptable morphology more frequently among 
untreated than treated adolescents. The same result was found here with one exception 
(Centre F), where both groups had a similar percentage of acceptability. The most 
frequent features causing unacceptability, poor canine relationship and large overbite, 
were identical with the findings of Svedström-Oristo et al. (2003). In contrast, 
crossbites and large overjet were found less often in the present study when compared 
with the study of Svedström-Oristo et al. (2003). 
The early timing of treatment seemed to increase the odds for the acceptability of the 
function of occlusion. Further, an acceptable function was more often found among 
untreated than among treated subjects in both timing groups and in nearly all health 
centres. A corresponding tendency among treated and untreated adolescents has been 
reported earlier by Svedström-Oristo et al. (2003).  In both studies, protrusion contacts 
were the most common features causing the non-acceptance.  
A better acceptability of occlusion in the untreated group may appear contradictory, 
especially in countries where only a minority of children receives orthodontic 
treatment, and the treatment is not subsidized. However, in a country like Finland, 
where orthodontic treatment is organized and offered on a population basis, the 
treatment can be regarded as beneficial when those adolescents who at the beginning 
had a malocclusion had improved almost to the same level as the untreated adolescents 
with an acceptable occlusion. One explanation for these findings might be the high 
coverage of orthodontic treatment in general, and especially in the early timing health 
centres. Presumably, only the occlusions with a favourable prognosis had been left 
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untreated. This indicates that the selection for treatment had been successful, as most 
untreated individuals had an acceptable occlusion. In support of the present findings, in 
Norway, the lowest share of adolescents with residual treatment need among untreated 
individuals was found in a region with the highest treatment rate (Espeland and 
Stenvik, 1999).  
The individual professional skills of the providers apparently have an influence on the 
amount of acceptability. In the early timing group, treatments were mainly carried out 
by general dentists applying simpler treatment methods. In the late timing group, 
specialists were more closely involved in the treatment. In general, the provider effect 
has a strong influence on treatment practices (Fox et al., 1997), and this may partly 
mask the impact of timing of treatment.  
In spite of several difficulties in the comparison, the timing of treatment seemed to 
associate with the acceptability of occlusion. The early timing of orthodontic treatment 
slightly increased the odds for higher acceptability of morphological and functional 
features of occlusion. However, within both the early and the late group, a considerable 
variation in acceptability was found. Obviously, there were several factors other than 
timing which may have caused differences between the health centres. Nevertheless, 
the stability in the provision of services may be one of the key factors influencing the 
selection of orthodontic patients and the acceptability of treatment results.  
6.5. Economic aspects of orthodontic care 
There were distinct differences among the eight health centres in both measures of 
cost-effectiveness, i.e. the costs of one percent unit of acceptable morphology and one 
percent unit of acceptable function. However, the differences between the early and 
late timing groups were more moderate. The costs of an acceptable morphology 
percent unit were almost the same in the early and late timing groups, while the health 
centres of the late timing group had higher costs for an acceptable function. The low 
operating costs per se seemed to influence the cost-effectiveness but did not explain it 
totally. For example, Centre H with the lowest operating costs was not the most 
effective due to the high costs of acceptable function.  
Richmond et al. (2004) found that clinicians working in community clinics were more 
cost-effective than clinicians working in hospital settings and self-employed clinicians. 
They stated that buying a consultant’s service tended to increase the costs in hospital 
clinics. Similarly, higher visit costs were found in the two health centres (C and G), 
one with early and one with late timing, which purchased all their orthodontic expertise 
from consulting orthodontists. 
The delegation of orthodontic tasks to dental auxiliaries has been widely encouraged 
(O’Brien and Shaw, 1988; Mandall and Read, 1999; Clarke, 2002). In addition, the 
cost effectiveness of public dental care could be improved by increasing the share of 
auxiliaries in the dental work force (Linna et al., 2003; Widström et al., 2004). This 
could be enabled by the systematic training of orthodontic assistants. Because the 
labour costs of a dental hygienist were only one third those of a dentist-nurse team, it 
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could be suggested that especially tasks which can easily be carried out in daily 
practice, should be increasingly devolved to dental auxiliaries.  In this study, only two 
of the health centres (D and E) employed a full-time orthodontic hygienist, but the 
treatment costs of orthodontic care in these health centres were not found to be 
especially low.  However, just these two health centres had restricted their orthodontic 
treatment to the most severe cases, so employing an orthodontic hygienist did not seem 
to be sufficient to compensate for the burden of a more difficult case mix. 
The weakened economic situation in Finnish municipalities invites a discussion on the 
restriction of orthodontic treatment. The effects of economic restraints on public 
orthodontic services have been evaluated in Denmark and in Sweden (Mavreas and 
Melsen, 1995; Linder-Aronson et al., 2002). According to Linder-Aronson et al. 
(2002), the cutting of orthodontic resources should be justified purely on economic 
arguments, because restrictions on orthodontic services can not be justified by a 
decreasing need of treatment. However, the cutting of resources does not lead to 
savings in the long term, because the restriction of access to early orthodontic 
treatment seems rather to lead to an increased consumption of resources later on 
(Mavreas and Melsen, 1995). In fact, surgical-orthodontic treatment is an expensive 
way to correct dentofacial malocclusions, and these costs could be reduced by the 
systematic screening of children and orthodontic treatment during growth (Panula, 
2002). 
In Sweden, the economic restraints seemed to emphasize the importance of specialist 
orthodontists, while the number of treatments provided by general dentists was reduced 
(Josefsson and Halling, 2000). The results of the present study give grounds for this 
type of change, because the lowest costs of one percent unit of acceptability of 
morphology and function were reached by Centre F.  In this health centre, orthodontic 
treatment was provided mainly by one orthodontist and one well-trained general 
dentist, the treatment modalities had been stable for a long time, and the volume of 
treatment as measured by the treatment history among subjects, was moderate (47%).  
There were no clear differences between the early and late timing groups in the cost-
effectiveness of treatment, but in the early timing group the costs of one percent unit of 
acceptability of morphology and function were almost on the same level. In all health 
centres of the early timing group, the costs of one percent unit of the acceptability of 
function were lower, or at least on the same level as those of morphology. In the late 
timing group, the variation in the costs of one percent unit of acceptability of function 
was much greater. This may indicate that by favouring early treatment, a better 





In Finnish health centres, orthodontic services are generally an established part of 
children’s and adolescents’ public health care. However, a wide variation in the extent 
of orthodontic care prevails in spite of the general efforts made to increase equality in 
the access to treatment. The economic depression in the 1990s has not been directly 
reflected in the extent of orthodontic services; a greater number of health centres have 
increased rather than decreased their services. 
Finnish orthodontists prefer to treat e.g. crossbites and Class II malocclusions early, 
but the opinions vary considerably about the preferred age for treatment of other types 
of malocclusions. Accordingly, a wide variation is reported in the choice of appliances. 
In the comparison of the eight health centres, clear differences are found in the number 
of visits, duration of treatment, type and number of appliances, and in the availability 
of orthodontic expertise and skills. In the early group, treatments are mainly carried out 
by general dentists applying simpler treatment methods. In the late group, specialists 
are more closely involved in the treatment process and fixed appliances are commonly 
used.   
The early timing of orthodontic treatment seems to have a slight association with a 
higher acceptability of morphological and functional features of occlusion when 
assessed at the age of 16-18 years. However, the longer duration of treatment and the 
higher number of discontinued treatments connected with an early treatment timing 
reduce this gain. Consequently, the cost-effectiveness of orthodontic treatment seems 
to be the same in the health centres applying either early or late timing.  
There are several factors other than timing of treatment which may cause differences in 
the cost-effectiveness of orthodontic care among the health centres. The costs depend, 
e.g. on the availability of specialist expertise, work division, and economical use of 
appliances. Moreover, stability in the provision of services may have an effect on the 
successful selection of orthodontic patients and the acceptability of treatment results.  
Further research should reveal other factors which could guide the development of 
orthodontic services in the future. For example, the adolescents’ own opinions were not 
included in this study, even though these might have broadened the scope of the study. 
Patients’ own views on the timing and duration of treatment, the selection of 
appliances and the perception of treatment results should be assessed in this context. 
Furthermore, measuring the effects of orthodontic treatment and combining them with 






On the basis of the achieved results, the following recommendations for the 
organization of orthodontic care in Finnish health centres are made. 
In the screening and selection of children for orthodontic treatment, the main focus 
should be on the children with severe malocclusions and most in need of treatment. In 
the treatment of milder deviations a sufficient cost-benefit ratio should also be 
achieved.  
 Because comprehensive orthodontic expertise and skills are necessary for the effective 
delivery of services, specialist orthodontists should have the irrefutable responsibility 
for the diagnosis, treatment planning, and the choice of treatment options and 
appliances. 
A systematic follow up scheme and the evaluation of the progress of treatment are 
needed for the effective delivery of orthodontic care. The treatment should be 
discontinued or the treatment plan changed early enough, if the treatment is not 
proceeding successfully. In aiming for successful use of resources, orthodontic 
treatment with fewer visits and shorter overall treatment duration should be 
deliberately pursued.  
Measures that could be used for levelling out unfavourable differences in treatment 
outcome and cost-effectiveness are systematic evaluation of treatment results, 
benchmarking of successful treatment delivery, and continuous education and training 
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Appendix 1. Questionnaire sent to the chief dental officer of the health 
centre 
Description of the health centre 
Name of the health centre 
County 
Total number of inhabitants 
Total number of inhabitants in the age groups of 0-18-year-olds 
Volume of orthodontic services in 2001 
Total number of all dental visits in the age groups of 0-18-year-olds 
Total number of orthodontic visits in the age groups of 0-18-year-olds 
Total number of 0-18-year-old children receiving orthodontic treatment  
Does the health centre purchase commissioned orthodontic services? 
- If so, how many 0-18-year old children received these services? 
Total number of visits in purchased orthodontic services in the age groups of 0-18-
year-olds 
Work division in orthodontics 
Does the health centre employ an orthodontist / orthodontists? 
- If so, how many orthodontists, calculated as a full-time equivalent? 
 
Has the health centre made a contract with a consultant orthodontist? 
- If so, how many days per year does the consultant orthodontist work in 
the health centre? 
 
Do the general dentists participate in the treatments of orthodontic patients? 
- If they do, how many of these general dentists are there? 
- If they do, estimate their contribution as a full-time equivalent? 
 
Do the auxiliaries perform orthodontic tasks? 
- If they do, how many of these auxiliaries are there? 
- If they do, estimate their contribution as a full-time equivalent? 
 
Do the dental nurses perform orthodontic tasks? 
- If they do, how many of these dental nurses are there? 
- If they do, estimate their contribution as a full-time equivalent? 
The use of orthodontic appliances in the health centre 
If orthodontic treatment is given to the 4-6-year-old children, please mention the three 
most frequently used appliances 
Appendices 1–3 
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If orthodontic treatment is given to the 7-9-year-old children, please mention the three 
most frequently used appliances 
If orthodontic treatment is given to the 10-13-year-old children, please mention the 
three most frequently used appliances 
If orthodontic treatment is given to the 14-18-year-old children, please mention the 
three most frequently used appliances 
 
Please state whether any noticeable changes have occurred in the use of orthodontic 
appliances during the years 1997-2001,   
- If so, report what kinds of changes.  
 
Please state whether any noticeable changes have occurred in the use of orthodontic 
appliances during the years 1992-1996,   
- If so, report what kinds of changes.  
Potential changes in the supply of orthodontic services in the health centre  
The supply of orthodontic services is at present  
a) appropriate   b) too scarce                   c) too abundant 
 
Has the supply of orthodontic services changed noticeably during the years 1997-
2001?   
- If so, please say how?  
 
Did the supply of orthodontic services change noticeably during the years 1992-1996?   
- If so, please say how?  
 
Please estimate the reasons for these changes in the supply of orthodontic services. 
(Select the three most important reasons) 
a) changes initiated by the personnel of the dental unit of the health 
centre 
b) changes initiated by the parents of the children 
c) changes initiated by the community members 
d) changes initiated by the elected representatives of local councils 
e) changes initiated by the discussion in the professional  publications 
f) changes caused by economic pressure 
g) changes caused by the increase in dental care for adults 
h) something else, please explain what 





Appendix 2. Questionnaire sent to the specialist orthodontists      
Description of the responder 
County, in which you are practising 
Did you work clinically during the year 2001? 
- Mention if you did not work at all during the year 2001. 
The year of graduation as a specialist 
The university where you graduated as a specialist 
Estimate the share of orthodontic patients in your practice 
Describe your working profile in 2001 (mention all jobs, not only the main occupation) 
 - in a health centre, with working time ___ hours per week 
 - as a private practitioner, with working time ___ hours per week 
 - in a hospital, with working time ___ hours per week  
 - as a clinical teacher at a university, with working time ___ hours per 
  week 
 - as a researcher with working time ___ hours per week 
 - as a consultant in a health centre with working time ___ days per a 
  year 
- offering commissioned services to health centres, the number of  
  orthodontic patients being _____ in 2001. 
Your views on optimal timing of orthodontic screening and assessment of treatment 
need.  
At what age do you like to assess a child’s occlusion for the first time? 
At what age do you then like to assess a child’s occlusion for the second time? 
At what age do you then like to assess a child’s occlusion for the third time? 
 
Please mention according to which indications you like to start orthodontic treatment in 
a child 
 - in the primary dentition 
 - in the early mixed dentition  
 - in the late mixed dentition  
 - in the permanent dentition 
 - in adulthood 
Your own choice of appliances  
Which orthodontic appliances did you prefer in 2001 when treating children at 





Please mention the three appliances you used most frequently  
 - in the primary dentition 
 - in the early mixed dentition  
 - in the late mixed dentition  
 - in the permanent dentition 
Have you made any changes in your treatment modalities during the past ten years?  
- If so, please state what kinds of changes.  
- If so, please state why you have made the changes. 
Your views on optimal work division in orthodontic treatment in a health centre  
The contribution of the specialist orthodontist  
 - should be increased, please describe how 
 - should be decreased, please describe how 
 
The contribution of the general dentist  
 - should be increased, please describe how 
 - should be decreased, please describe how 
 
The contribution of auxiliaries  
 - should be increased, please describe how 
 - should be decreased, please describe how 
Evaluation of orthodontic care in Finland and suggestions for improvement 
Please mention the aspects in which orthodontic care in Finland has succeeded. 
Please mention the aspects in which the orthodontic care in Finland has not been 
successful. 
Please give suggestions for the improvement of public orthodontic care in Finland. 






Appendix 3. Morphological and functional criteria in the Occlusal 
Morphology and Function Index (OMFI) 
 
Morphological criteria Cut-off for acceptability Conventions 
Coincidence of the facial 
midline and the midline of 
the upper dental arch 
Max 3 mm deviation accepted  
Overjet 0-5 mm accepted Measured from the 
most labial central 
incisor 
Overbite Occusal contact incisal to the 
gingival third of the palatal 
surface of upper incisors 
accepted. Open bite only 




Normal ± 2 mm accepted. 
Postnormal relationship 
accepted in the case of missing 
upper incisors   
 
Crossbite, anterior Not accepted  
Crossbite, lateral Not accepted in canines. 
Accepted in one tooth pair/side 
without interference or slide 
between CR*-ICP† 
 
Scissors bite Not accepted  
Functional criteria   
Discrepancy between CR* 
and ICP† 
Max 2 mm accepted sagittally 
and vertically. No slide 
accepted laterally 
Measured from 
pencil markings in 
one pair of 
premolars and 
incisors 
Guided lateral excursions Accepted: canine protection 
/group contact including 
canine/contacts in incisors, 
premolars and molars 
Guided lateral 
gliding until upper 
and lower canines at 
same transversal 
level 
Non-working side contacts Accepted without disclusion of 
working side contacts 
 
Protrusion contacts Anterior guidance accepted  
* Centric relation; †intercuspal position. 
